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The invention is related to the discovery of cofactors that promote CD4-dependent HTV-l fusion and entry. More specifically, 
disclosed herein are biotechnological tools, diagnostics, prophylactics, therapeutics and methods of use of the foregoing for the treatment 
and prevention of HTV-l infection that exploit interactions between gpl20-gp41 and glycosphingolipids. 
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IDENTIFICATIOn OF GLYCQSPHIRIGO LIPIDS THAT PROMOTE HIV-1 ENTRY INTO CELLS 

FIELD OF THE INVENTION 

The present invention is related to the discovery o1 cof actors that promote CD4-depentlent HlV-1 fusion and 
5 entry. More specificaliy, disclosed herein are biotechnotogical tools, diagnostics, prophylactics, therapeutics and 
methods of use of the foregoing for the treatment and prevention of HIV-1 infection that exploit interactions between 
gpt20-gp41 and glycosphingolipids. 

BACKGROUND OF THE INVENTION 

10 Human immunodeficiency virus type 1 (HIV-1) enters permissive cells by binding to the cellular receptor, 

C04, followed by gp120-gp41 mediated fusion of the viral and target celt membranes. (Maddon et al. CeffA7:33 
(1985)). In addition to CD4, several members of the chemoldne-receptor fanuty have been shown to act as necessary 
coreceptors for HfV-1 fusion and infection. Chemokine-receptor usage varies depending on the viral strain and the 
target cells used and is the primary determinant of viral tropism. Although the discovery of chemokine receptors has 

15 revohitionized our thinking about the way HIV l, HIV-2, and the simian immunodeficiency virus gain entry into the cell 
some crucial pieces of the puzzle are missing. 

BRIEF SUMMARY OF THE INVENTION 
The present invention discloses biological tools, diagnostics, prophylactics, therapeutics and methods of use 

20 of the foregoing for the treatment and prevention of HlV-1 infection and/or AIDS, in an embodiment that has many 
btotechnological and clinical appficattons, fusion of a cell with a virus, a second ceU or a liposimie is enhanced by 
providing a giycosphingoripid (6SL). Preferably, fusion is enhanced and executed, according to this embodiment, by 
providing globotriaosylceramide (Gb3) to a CD4 expressing cell such that Gb3 is incorporated in the cell's plasma 
membrane and the cell is brought into contact with a virus, a second cell or a Hposome that has on its surface gp120- 

25 gp41. Cells and liposomes whose concentration of cell surface GSLs (e.g., 6b3) has been manipulated by liposome 
mediated-transf er or FACS-based selection methods, for example, are further aspects of this embodiment that are 
useful as HIV therapeutics, drug deDvery agents and biotechnological tools. Advantageously, HfV and T-cells 
expressing gpl20-gp41 can be selectively targeted by the enhanced cells or liposomes of the invention or both so that 
novel HIV treatment protocols can be developed. 

30 Other embodiments concern a variety of supports joined to a GSL, preferably Gb3 or Gb3 carbohydrate head 

groups, which can also have attached CD4 or a chemokme receptor. These embodhnents have many biotechnotogical, 
diagnostic and therapeutic uses inchiding the isolation of HIV, the purification of HIV contaminated solutions, the rapid 
detection of HIV in fluids from mfected inifividuals and the removal of HIV in humans by a portable dialysis system. In 
one aspect of this enrdiodiment for example, multimers of natural or synthetic Gb3 are immobilized to a 

35 macromolecular structure, such as plastic, polystyrene, polyethylene, polyvinyl protein, celhilose, starch, glycogen, 
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chitosane, aminated sepharose, silica gel zeolite, diatomaceous earth or aminated glass, and the GSL-support.is used 
to isolate HIV by affinity chromatography or to remove HIV from a contambated sohnion, such as a human fhiii 
Simtiariy, the GSL-supports^ as described herein, can be incorporated into diagnostic tools for the rapid detection of 
HIV and can also be incorporated into a novel dialysis system that can purify the biood of an HIV infected patient in 
5 the privacy of their own home. 

Agents for the treatment and prevention of HIV infection andior AIDS further embody the invention. In one 
aspect agents that inhibit the synthesis of glycosphingolipids (GSLs), giucosyl ceramide or Gb3 are administered to a 
subjected suffering from HIV and/or AIDS. The agent can be an amino-sugar derivathre such as N-fautyl or f\f- 
hexytdeoxygalactonojirimycin or 1-phenyl-2-hexadecanoylamino-3-morphoIino-1*propanol or analogs thereof, for 

10 example. In another aspect of this embodinient, ribozymes or antisense oligonucleotides complementary to enzymes 
invohred in the biosynthesis of GSLs, giucosyl ceramide or Gb3 are used. Further, the use of monoclonal antibocHes to 
inhibit GSL, giucosyl ceramide or Gb3 synthesis or transport is disclosed in the invention. 

In another aspect, agents that interfere with the binding of GSLs, giucosyl ceramide or Gb3 are administered 
so as to treat and prevent HIV infection and/or AIDS. Agents such as glycosphingoRpidases, giucosyl ceramidases or 

15 giobotiaosyiceramidases (enzymes that cleave sugar residues on GSLs, giucosyl ceramide or Gb3, respecthrely), 
monoclonal antibodies, lectins, chemicals, recombinant proteins, toxins and synthetic peptides are disclosed as 
prophylactics or therapeutics that prevent or treat HIV infection and/or AIDS. Specifically, a verotoxin, mutant 
verotDxin or heteromultimer of verotoxin subunits can be used for the prevention and treatment of HIV infection and/or 
AIDS. :^ 

20 Additionally, GSLs, giucosyl ceramide, Gb3 or Gb3 carbohydrate head groups can be administered to a 

patient in need so as to prevent or treat HIV infection by competithre inhibition. The GSLs, giucosyl ceramide, Gb3 or 
Gb3 carbohydrate head groups can be provided in a natural or synthetic form and can also be muhimeric. Additionally, 
the GSLs, giucosyl ceramide, Gb3 or Gb3 carbohydrate head groups can be ghren in a form that is coupled to a 
macromoiecular support This later formulation has the added advantage of clearing HIV from the body. 

25 The agents for the treatment and prevention of HIV infection and/or AIDS mentioned above can also be 

administered in conjunction with an agent that modulates the acthrity of gp170 so as to overcome the multi-drug 
resistant phenotype. Further, the methods of the invention include the treatment or prevention of HIV infection and/or 
AIDS by administering an agent that selectively modulates the activity of gpl 70. 

In another embodiment, methods of screening for prophylactic or therapeutic agents or fusion enhancing 

30 agents are provided. One approach disclosed herein, for example, involves the immobilization of either Gb3 or gp120- 
gp41 to a support followed by the addition of a complementary molecule (e.g., Gb3 complements gp120-gp41 and vice 
versa). Prophylactic agents can then be screened by contacting the immobilized Gb3 or gp120-gp41 support with the 
candidate agent prior to the addition of the complementary molecule. Additionally, therapeutic agents can also be 
screened for their abSity to out compete or displace binding of the complementary molecule by providing the agent 
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either simultaneously or after providing the comptememary molecule. Enhancing agents can also be identified in a 
similar manner by providing the agent either before, during or after the addition of the complementary molecule. 

In another aspect of this embodiment, methods of screening for prophylactic or therapeutic agents or fusion 
enhancing agents using a cell fusion-based assay are described. By this approach a ceU having CD4 is treated with a 
5 potential prophylactic therapeutic or fusion enhancing agent, as above, and the ability of the CD4 cell to fuse with a 
liposome, a virus or a second cell having gpl20-gp41 is determined. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1. This figure shows the effect of GSL depletion on HIV-1 infection. HIV-1 particles containing the 
10 NL4-3re* genome and having gp120-gp41 derived from different isolates were prepared as described in EXAMPLE 1. 
GHOST (3) parent (expressing CD4 onlyl, and GH0ST-X4, RB, and -345 cells were grown in medium containing 10 M 
PPMP for at least 7 days prior to the assay. Cells were plated in 12-well plates (1.5 x 10* cells/well) and medium 
containing viral particles added. Four days after infection, the cells were examined microscopically for GFP 
' expression as described -in EXAMPLE 1. % Infectivity - 100 x [(number of chjsters of GFP-positive cells x average 
15 number of cells per GP-positwe cluster) I total number of ceils observed}. Three separate experiments yielded the 
same results. 

FIGURE 2. This figure shows the results of thin layer chromatography analysis of GSL levels in control and 
PPMP-treated ceils. GSLs were isolated as described.in EXAMPLE 1 from Ghost 345 cells that were either untreated, 

20 or treated for at least seven days in culture medium containing 10 M PPMP. Monosiaioganglioside standard (10 g), 
containing GM3, GM2 and GM1, and lipid extracts from 5x10^ cells were spotted onto a 20 x 20-cm snica-gei TLC 
plate (Fisher, Malvern, PA), which was developed in CHCyMe0H/10%KCIi^ (50:40:10. vol/voll. After running, the 
plate was air dried, sprayed with resorcinol, and heated to develop the spots. Images were taken on a BioRad Ruor-S 
Muhilmager, using white light epi-illumination. Bands, indicative of GSLs interacting with resorcinol, are outlined in 

25 the standard and untreated lanes. Notice the down-regulation of GSLs in PPMP-treated cells compared to control cells 
(see arrows). 

FIGURES 3A, B, and C These figures show the resuhs of the flow cytometry analysis of CD4 and chemojdne 
receptor expression in control and PPMP-treated cells. Expression levels of CD4, CXCR4 and CCR5 were examined on 
30 control (left panel) and PPMP treated cells (right panel). Cells were incubated for 1 hr at 4 °C with either (A) PE- 
conjugated mouse IgG anti-CXCR4 (1265), (B) PE-cor^ugated mouse IgG anti-GD4 {0ICT4), or (C) mouse IgG anti-CCR5 
I2D7), foDowed by FlTC-labeled goat IgG anti-mouse antibody. Fluorescence was examined with a Becton Dickinson 
FACScalibur at 10,000 events/sample. Unlabeled cells and cells incubated with FITC anti-mouse, but not anti-CCR5 
antibody were used as negative controls. 

35 
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RGURE 4This <figure shows the migration of GKQSTX4 cells induced by SOF-1 . 

Different concentrations of SDF-1 were placed in the lower wells of the chemotaxis chamber cells were placed in the 
upper wells, which were separated from the lower wells by a ptoycarbonate filter. The results are expressed as a 
chemotaxis index (CI) representing the fold increase ol migrating ceils in response to S0F1- over the response to 
5 control meium. Significant cell migration (p<0.05) was detected with 10 ngfml SDF1- present as 
chemoattractant. 

FIGURES 5A, B, C, and D These figures show the effect of GSL depletion on C04-chemokine receptor association. 

(A), CD4-CCR5 association. CD4 coimmunoprecipitated by anti-CCR5 antibody 5C7 from 3T3-CD4-CCR5 cells treated 
10 (+) and not treated I ) with PPMP. The geis shown are Western blots using rabbit anti-CD4 and goat anti-CCRS 

antibody, respectively. The numbers below the geis represent intensity ratios determined using a Molecular Imager 

(Biorad, Hercules, CA|. (B), CD4-CXCR4-gpl20 association. CD4 coimmunoprecipitated by anti-CXCR4 antibody 4610 

from 3T3-CD4-CXCR4 treated (+) and not treated (-) with PPMP in the presence of (+) or absence of .(•) rgplZOsQ. 

The geis shown are Western blots using rabbit anti CD4 and mouse ant)-CXCR4 antibody respectively. The numbers 
15 below the gets represent intensity ratios determined using a Molecular Imager (Biorad, Hercules, CA). (C), Inhibition 

of fusion with cells expressing the R5-uttlizing envelope glycoprotein (Ba-L). (D|, Inhibition of fusion with cells 

expressing the X4-utilizing envelope glycoprotein (IIIB). 

; FIGURE BThis figure shows the kinetics of exposure of hydrophobic binding sites upon addition of HeLaC04 celts to 
20 gpl20-gp41mg-expressingTF228 cells. 

The average changes in bis-ANS fluorescence intensity of 7-13 individual cells are shown against time following 
addition of the TF228 cells. The arrow indicates the time at which the effector cells were touching the target cells. [ } 
Untreated HeLaCD4 cells, ( ) PPMP-treated HeLaCD4 cells. 

25 FIGURES 7A, B, and C These figures show the recovery of fusion after the addition of various 
glycosphingolipid fractions that were isolated from a crude human erythrocyte mixture. (A) TLC analysis of 
Erythrocyte glycosphtngofipids: GSL were isolated as described below and 25-50 //g of total Opid was spotted on 
5x20 cm silica gel TIC plate. The plate was developed in CHCl3:MeOH:H20 (65:25:4, v/v|. At the end of the run, the 
plate was air dried, sprayed with Bial's reagent, heated to develop the spots and scanned using a Hewlett Packard 4P 

30 scanner and photographed. GSL isolated from human Oane 1) and bovine (lane 2) erythrocytes; GSL standards are in 
lane 3. (B) TLC of Various GSL Fractions Purified by Silica Gel Column: The cmds GSL mixture from human 
erythrocytes (From fig lA, Lane 11 was fractionated by silica gel column chromatography. GSLs in the fractions were 
analyzed by chromatography on silica gel TLC as in FIGURE 7 A. Lanes 1 -7 ~ fraction numbers. (C) Recovery of Fusion 
of CD4' Non-human Cells by GSL fractions: GP4F cells were plated on microwells and infected with vCB3 to express 

35 human CD4 on the call surface. Liposomes containing different GSL fractions were incorporated into the membranes 
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of the * target cells and the ceils were labeled with CMTMR ((5-<and-6H((4- 
chioromethyl)beraoyl)amino)tetram8thylrhodamine|. DiO (3,3*-dioctadecyloxacarbocyanine perchlorate) -labeled 
TF228 cells were cocultured with GSL-suppiemented target cells for 4-6 hours at S/'C. bnages were collected and 
fusion was calculated as described below. Data are presented here of the fraction of recovery of fusion by the crude 
5 human 6SL fraction. 

RGURE 8A This figure iOusuates the chemical structure of globo series glycosphingolipids. 11), Gtc Cen (11), 6b2 
(Gal(pi4)Glc Car); (III), Gb3 (6a!|a14|Gal(p14)GlcCer): and (IVl Gb4 (GalNAc|{pi-3)Gal|al 4)Gal|p14)Glc Cer. 

10 FIGURE 86 This figure shows the thin layer chromatography analysis of fraction 3. GSLs were chromatograpbed on 
SiOca Gel TLC plates as in RGURE 7A and sprayed with Grcbiol spray. Lane 1, Fraction 3, Lane 2, Gb3 (Top spot); 
Lane 3, The same neutral 6SL standards as shown in FIGURES. 7A and B. 

FIGURE 8C This figure shows the results from the HPTLC bnmunostainmg experiments. GSLs (5/yg) were 
1 5 chromatograpbed on SIBca Gel HPTLC plates. 

The plates were air dried and sprayed either with orcinol spray (left panel), incubated with 38.13 antibody (middle 
panel), or incubated with asialo-GM2 antibody (right panel). Ln 1, Fraction 3; Ln 2, Asialo-GM2; Ln 3, Gb3. 

FIGURE BD this figure shows the mass spectrum of 24:0 Gb3 detected from Fraction 3. 

20 

RGURE 8E This figure shows the mass ion chromatogram of various molecular species of 6b3 present in Fraction 3. 

RGURE 8F This figure shows the NMR proton spectrum of Fraction 3 in 98:2 DMS0-d6:D20 at 298 K. Relevant 
peaks are labeled with arrows. Numbers in parentheses refer to the position of the particular sugar in the 
25 trisaccharide with glucose attached to the ceramide as position 1 . The peak marked with a star (*) is thought to arise 
from minor variations in the length of the ceramide fatty acid chains. 

RGURES 9A and B This figure shows an enzymatic digestion of Fraction 3. 

(A), Fraction 3 was digested with a-GalA in parallel with standard GSLs and the results analyzed by HPTLC. S: mixed 
30 GSL standards; 1: Gb2 (no enzyme); 2: Gb2 {+ a-GalA); 3: Gb3 (no enzyme); 4: Gb3 (+ a-GalA); 5: Fraction 3 (no 
enzyme); 6: Fraction 3 (+ a-GalA). (B|, Fusion acUvity following addition of a-GalA-digested Fraction 3. Digested 
lipid was extracted, incorporated into liposomes, transferred to HeLa-CD4/GSL and fusion acth^ity was monitored as 
in RGURE 7C. Controls represent untreated Hela-CD4 ceils. Gb2 was added as an additional controL 
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RGURE 10 This figure shows ths recovery of fusion activitY by the addition of various 6SU. The lipids were 
incorporated into liposomes, transferred to HeLa-CD4/GSL ceils and fusion actmty was monitored as in FIGURE 7C. 
Controis represent untreated He]a-CD4 cetls. Data are from one of three similar experiments. 

5 FIGURE 1 1A and B These figures show the recovery of HIV-1 fusion activity by reconstitution of PPMP-treated cells 
vnth GSLs. Lipids were incorporated into liposomes and transferred to Control and PPMP-treated GH0ST-X4 and -RS 
ceQs as described in EXAMPII 1. Fusion acthrity was monitored as described using vaccinia vectors that express X4 
(IllB, vpElGL R5 (Ba-U vcB43) and X4R5 (89.6, vDC D in HeLa ceils. (A), GH0STX4 ceUs as targets and (B), 
GH0STR5 ce»5 as targets. PPMP GH0STX4 and GH0STR5 are the unueated cells; PPMP^ GH0STX4 and 6H0STR5 
10 are the PPMP-treated cells without adifition of 6SL; PPMP* GH0STX4 and GH0STR5 + GSL are the PPMP treated 
cells with addition of the indicated GSL 

DETAILED DESCRIPTION OF THE INVENTION 
In the disclosure below, the inventors describe their discovery that spedfic GSLs {e.g., Gb3 and 6M3) are 

15 invohfed in HIV-1 entry and that KTV-1 infection can be inhibited by providing agents that interfere with the interaction 
of these GSLs with gp120-gp41. In a first set of experiments, the inventors observed that treatment of GHOST cells 
with a GSL synthesis inhibitor (e.g., 1-phenyi-2-hexadecanoyiamino-3-morphoGno-1-propanoi (PPMP)) resulted in a 
marked reduction of GSLs on these cells and concomitantly inhibited HfV-1 entry without a change in the celFs 
phospholipid or cholesterol composition or expression of CD4, CXCR4, or CCR5 receptors. Further, the inventors 

20 found that PPMP treated GHOST cells retained their ability to respond the the CXCR4 iigand SDF1-a, including the 
abffity of this Iigand to induce calcium mobilization. 

To characterize the specific GSLs that were involved in HIV-1 entry, individual component(s) of a human 
erythrocyte GSL mixture were isolated by fractionation on a silica gel column and incorporated into the msntbranes of 
CD4^ cells. GSL fraction-supplemented target cells were then examined for their ability to fuse with TF228 cells 

25 expressing HIV-lui envelope glycoprotein. One GSL fraction. Fraction 3, exhibited the highest recovery pi fusion 
following incorporation into C04' non-human and GSL-depleted HeLa-CD4* cells (HeLa-CD4*fGSL ). Fraction 3 was 
characterized by mass spectrometry, NMR spectroscopy, enzymatic analysis and immunostaining with an anti-Gb3 
antibody and was found to be Gal (a14).Gal (PI4) Gtc Ceramide (Gb3). Addition of Fraction 3 or Gb3 to HeLa- 
CD4*fGSL ceils recovered fusion, but addition of GalCer, GlcCer, GM3 ((NeuNAc |a2-3) Gal (^14) Glc (pM) Cer)), 

30 Gb2 ((Gal (p14) GlcCer)), Gb4.(GlQboside), GD3 ((NeuNAc (a2-8) NeuNAc (a2-3l Gal (p14) Glc (p1-1) Cer)) or a- 
galactosidase A-digested Fraction 3 had no effect. Further, the inventors exammed whether GSLs have strain-specific 
effects by testing various isolates for their abiGty to fuse with GSL-depleted GHOST X4 or R5 cells. In these 
experiments the inventors discovered that GSLs. such as Gb3 and to a lesser extent GM3, are involved in the entry of 
a broad range of HIV-1 isolates. 
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Several embodiments descrmed herein invoive biotechnological toois, diagnostics, and components to 
prophylactic and therapeutic agents, which modulate the interaction of gp120-gp41 with GSLs. • In some 
snbodiments. GSLs and parts thereof, with or without other molecules. (e.g^ CD4, CCR5, or CXCR4), are joined to 
supports, which can be organic or inorganic structures that display a plurality of these molecules so as to create a 
5 multimerized agent Some aspects of these onbotfiments inchjde linkers that separate the 6SL or receptor motecuies 
from the support so as to alleviate steric hindrance andjor faciOtate attachment of the motecuies. Additional 
embodiments include multimeric supports comprising multiple GSLs and/or receptor molecules that are fused in tandem 
and joined to a support. One tool provided herein concerns the use of GSLs to enhance fusion to a support having 
gpl20-gp41, inchjding but not Dmited to a cell or liposome. Other embodiments concern the use of GSLs, such as 

10 Gb3, to prepare and isolate HIV particles, to remove HIV particles from solutions, including but not United to body 
fluids such as blood, and to manufacture dialysis filiters that can rapidly remove HIV particles from a subject Aspects 
of the invention also include diagnostic tools that detect the presence of HIV infection based on the interaction with a 
GSL and approaches to identify prophylactic and therapeutic agents that modulate the interaction of GSLs and gp120- 
' gp41. Several methods to inhibit HIV infection and formulate therapeutic and prophylactic agents are also described 

15 in this disclosure. In the section below, the inventors descrOie experiments that provide evidence that GSLs are 
involved in critical interactions with gpl 20-gp41 and, thereby, modulate HIV-1 fusion and entry. 

Inhibition of GSL biosynthesis blocics target ceff susceptibility to H/V-J infectivity of a broati variety ofHiV-l 
isolates 

20 The synthesis of most GSLs begins v^h glucosyiation of ceramide to form glucosylceramide (GlcCer), the 

precursor for hundreds of different glycosphingoUpids. (Ichikawa and Hirabayashi, Trentis. Ceff BioL 8:198-202 
(19381). This cerebroside is synthesized from undine diphosphate-glucose and ceramide by the glucosyltransf erase, 
GlcCer synthase. One way to better understand the functions of GSLs is to selectively inhibit ceihilar 
glucosylceramide formation. Radin and coworkers have synthesize a variety of specific inhibitors of GicCer 

25 synthase. (Abe et al., J. Biot^em (Taky^il 111:191-196(1 992)). The inventors have used one of these, 1 -phBnyl-2- 
hexad8canoylamino-3-morpholino-1-propanol (PPMP). to examine the role of giycosphingolipids in HIV-1 entry. In order 
to examine susceptibility to HIV-1 infection, the inventors used GH0ST(3) cell lines that constitute an HIV-1 or HfV-2 
imficator cell panel whose individual lines are engineered to express a Tat-dependent green fluorescent protein (GFP) 
reporter cassette in conjunction with CD4 and a specific chemokine receptor. (Ceci&a et aL, J, ViroL, 72:6988-6996 

30 (1998)). To examine the role of GSL in HIV-1 infection, the inventors used env-complemented HIV-1 pseudotypes and 
CD4^ target cells that stably express CXCR4 (GH0STX4), CCR5 (GH0STR5), or CCR3, CXCR4 and CCR5 
(GH0ST345). HIV-1 infection resulted in GFP expression that was monitored by counting stained cells m the 
fluorescence nucroscope. 

FIGURE 1 shows the results for the pseudotypes containing env expression vectors for HlV-1 HXB2, 89.6; 
35 ADA, BaL, JRCSF. In all cases, treatment of GHOST cells with PPMP inhibited HIV-1 infection. The PPMP treatment 
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resulted in a marked reduction of GSLs in these cells {FIGURE 2). Treatmem of ceils witii PPMP did not affect entry 
of viruses pseudotyped with the envelope glycoprotein of Vesicular Stomatitis Virus (VSV) or amphotro'pic Murine 
Leukemia Virus (A-MLV), however. Furthermore, the phospholipid and cholesterol composition were unchanged 
following PPMP treatmem. Moreover, a significant chang'e in CD4, CXCR4 and CCR5 expression following treatment 
5 of these crils with PPMP was not seen (RGURE 3). 

Chemokines and their seven-transmembrane domain G protein-coupled receptors constitute a large and highly 
differentiated signaling system involved in many biological processes, including development, hematopoiesis, 
angiogenesis, and regulation of specific leukocyte traffickmg. {Baggiolini, Nature, 392:565-568 (1998)). The activity 
of the chemokine receptors has been examined by monitoring chemotaxis in response to specific ligands. FIGURE 4 

10 shows that treatment of GHOST X4 cells with PPMP, which mhifaited HIV l entry, did not affect the celFs ability to 
respond to SDF1- , a ligand for CXCR4. Additionally, the ability of SDFl- to trigger Ca^* mobifization in the ceDs was 
also unaffected by pre-treatment with PPMP. 

It has been demonstrated that CXCR4 can directly associate with the complex between CD4 and the HIV-1 
envelope glycoprotein* providing evidence that the complex between these three molecules plays a cntical role in the 

15 initial stages of the entry process. (Lapham et aU Science, 274:602-5 (1996)). More recently, it has been shown that 
cell surface CD4 associates with CCR5 in the absence of gpl 20, or other chemokine-receptor- or CD4'Specific ligands, 
and that there exists a functional correlation between this association and HIV l envelope glycoprotein^ediated 
fusion. (Xiao et al., Proc. NatL Acad. Sd U,SA, 96:7496-7501 (1 999)1. Since these molecules can be associated in 
membrane domains, the inventors set out to determine whether GSL's are invohred in this association. 

20 In these experiments, the inventors used NIH3T3CD4X4 and NIH3T3CD4R5 cells because co- 

immunoprecipitation of CD4 with CXCR4 or CCR5 in these cells yielded a better signal in Western blots. FIGURE 5 
shows that ueatment of NIK3T3CD4X4 and N1H3T3CD4R5 with PPMP for 7 days reduced fusion yields with ceils 
expressing HIV-1 gpl20-gp41 of the appropriate specifidty. The co-immunoprecipitation data show that treatment of 
these cells with PPMP had no effect on association of CD4 with CXCR4 or CCR5. Moreover, treatment with PPMP 

25 did not. affect the amount of gpl20-induced co-immunopredpation of CD4 and CXCR4. These results provide 
evidence that the formation of the trimolecular gpl20-CD4-CXCR4 complex, which presumably occurs at an early 
stage in the fusion cascade,^ is not dependent on the presence of GSL in the target membrane. 

In a previous experiments, the inventors continuously monitored conformational changes of cell 
surface-expressed HIV-1 gpl20-gp41 in situ using 4,4-dianilino-l,l-binaphthyl-5,.5disulfonic acid (bis-ANS), a 

30 fluorescent probe that binds to hydrophobic groups. (Jones et al., J. Biol. Chem^ 273:404-409 (1998)). These 
conformational changes, which lead to membrane fusion, were found to be highly cooperative, requiring both CD4 and 
an appropriate rfiemokine receptor. Reported here for the first time, the inventors have used the bis-ANS technique to 
monitor the interactions between gpl 20-gp41 -expressing cells and CD4* / CXCR4* target cells, which are GSL- 
depleted and fusion incompetent FIGURE 6 shows the results of these experiments, which demonistrate that the 6SL- 

35 depleted cells failed to produce a response in the bis-ANS assay. . These observations taken together with the co- 



-8- 



wo 00/29556 



PCT/US99/27341 



bnmunoprecipftation experiments (FIGURE 5) demonstrate that while the GSLs have no effect on the intrinsic 
associations between individual molecules of CD4 and CXCR4 or CCR5. they are necessary to trigger the 
supramolecular associations and massive conformationat changes in the envelope glycoprotein require for memhrane 
fusion. 

5 

Identification of 6B3 as a co factor that promotes CD4^epBndent HIV- 1 fusion 
To isolate the cofactor that mediates CDA^ependsnt HIV-1 fusion and entry, the inventors separated and 
fractionated individual components of a human erythrocyte GSL mixture using silica gel column chromatography. (See 
FIGURE 7A, lane 1). Total GSLs were extracted from human erythrocytes. (Puri et ai. BBRC 242:21 3-225 (1998). 

10 The GSL mixture was further separated on a sifica gel column using a CHC[3:MeOH solvent mixture of increasing 
polarity and seven fractions were taken. The solvents were removed under vacuum and the components of individual 
GSL fractions were detected by chromatography on silica gel thin layer chromatography (TLC). Bial's reagent which 
detects sugars, giycosphingolipids, sulfolipids and gangliosides, was used to detect the GSL on TLC plates. The 
' relative mobility of these GSL fractions on sOica gel TLC plates is shown in RGURE 7B, Each fraction of the seven 

15 total GSL fractions collected was then individually prepared and incorporated into the membranes of fusion- 
incompetent cells by liposome-mediated transfer. 

Liposomes containing egg phosphatidylchQiine: egg phosphatidylethanolamine: GSLs (3:1.5:1, w/w/w, 0.9 
mglml total lipid) were prepared in phosphate buffered, saline without Ca^' and Mg^' by extrusion through a 0.2 /nn 
filter using an extruder (Lipex Biomembranes, Inc., Vancouver, BC). Phospholipids were purchased from Avanti Polar 

20 Lipids (Alabaster, AL). The fusion incompetent cell line GP4F/CD4* was obtained by infecting GP4F cells with the 
vaccinia recombinant vCB3 to express human CD4. Liposomes (1 ml) were allowed to bind to GP4F/CD4' cells and 
liposome-cefl fusion was induced by brief exposure (60 sec) of the cells to pfi 5.1 followed by incubation m 
Dulbecco's modified Eagle's medium supplemented with 10% heat inactivated fetal bovine serum, 100 units/ml 
penicillin, and 100 //g/ml streptomycin. 

25 To monitor fusion, the GP4F/CD4* ceils were labeled with the cytoplasmic dye CMTMR ((5-(and-6)-(((4- 

chloromethyl)benzoyt)amino)tetramethytrhodamine) 10;/M, ex/em 541/565 nm) for 24 hr. at 37% and cells 
expressing gp120-gp4lLAi (TF226 cells) were labeled with either the fluorescent membrane probe DiO ((3,3'* 
dioctadecyloxacarbocyanine perchlorate), ex/em 434/501)) or aqueous probe calcein-AM (ex/em 436/517 nm). 
GP4F/CD4+ cells were then cocultured with TF228 ceils for 2-6 hours at 37®C to allow for fusion. Tissue culture 

30 media was purchased from Gibco BRL [Life Tech, Gaithersburg, MD) and other reagents were from SIGMA Chemical 
Co. (St Louis, MO). Fluorescent probes were obtained from Molecular probes (Eugene, OR). 

After fusion, the cells were examined using an Olympus 1X70 inverted microscope using U-MNG filter cube 
for the rhodamine pmbes and the U-MNIBA filter cube for the other probes. (Puri et al. BBBC 242:219-225 (1998). 
Image analysis for dye mixing was performed yvith Metamorph image analysis software (Universal Imaging Corp., 

35 West Chester, PA). The total number of cells positive for each dye was scored. Bright field images were used to 



-9- 



wo 00/29556 



PCT/US99/27341 



distinguish false positives where labeled cells were lying over one another virithout actual fusion. The extent of. fusion 
was calculated as: 

% fusion - 100 X inumber Df cells positive for^oth dyes] / 
5 Inumber of cells positive for CMTMR}. 

FIGURE 7C shows fusion actmty with GSL-suppleniented CD4* GP4F cells. Fraction 3-ehriched target cdls 
showed the highest recovery of fusion while Fraction 6 also showed higher recovery contpared to other fractions. 
Addition of Fractions 1Z4,5 and 7 did not result in significant fusion. As can be seen in FIGURE 7B. Fraction 3 is one 

10 of the minor components in the crude GSL mixture. 

The fractions isolated from the human erythrocyte GSL mixture were further characterized by mass 
spectrometry after separation fay TLC. (Kundu, S.K. Methods Enzymol. 11, 185-204 (1981)). Qectrospray LC/MS 
analysis was performed using a Hewlett-Packard 5989B mass spectrometer with Analytica electrospray source using 
the same parameters as described previously. (Kim et al. AnaLChem. 66, 3977-3382 (1994)). Samples and known 

15 standards were injected onto a C-18 HPLC column (Phenomenex, 5 , ZO x 150 mm) and separated using the mobile 
phase consisting of waterMeOH with 0.5% NaOH:hexane changing linearly from 12:88:0 to 0:98:2 in 7 min. after 
holding at the initial composition for 3 min., at the flow rate of 0.3 mlimin.. The final mobile phase composition was 
maintained for 1 5 min.. Standards were obtained from MaUeya, Inc. (Pleasant Gap, PA). 

Resorcinol spray analysis of the TLC indicated that of the seven fractions collected, only Fractions 5 and 6 

20 contained acidic GSLs. Furthermore, as shown in RGURE 7A, lane % Fraction 3 was not present m a bovine GSL 
mixture that is consistent with previous observations that addition of GSLs from bovine erythrocyte membranes failed 
to rescue gp120 gp41-mediated fusion. (Puri et aL £f5^r 242:219-225 (19981. Silica gel TLC analysis of Fraction 3 
(FIGURE 8B, lane 1) showed a single component (>99% pure! with relatwe mobility very similar to that of Gb3 
(FIGURE 8B, lane 2). Neither Fraction 3 nor 6b3 reacted with resorcinol spray reagent indicating that Fraction 3 is a 

25 neutral GSL The chemical structure of GSLs of the "Globo" series is shown in FIGURE 8A. Electrospray LC/MS 
analysis of Fraction 3 in comparison to known standards indicated that this fraction contained mainly ceramide 
trihexosides. They were detected as natriated molecules (A/I-t-Na-i') as is shown for 24:D-trihexoside as an example *m 
FIGURE 80. FIGURE 8E shows mass ion chromatograms of Fraction 3 GSL containing 24:0, 22:0 or 24:1 fatty acyl 
moieties and their hydroxy derivatives. Presence of these fatty acids was also confirmed by the gas chromatographic 

30 analysis after transmethylation. 

NMR analysis corroborated the data obtained from enzymatic hydrolysis (see below) and mass spectrometry. 
NMR spectroscopy was performed on a Bruker AMX spectrometer at 500 MHz. Data for 'H 1 -dimensional spectra 
were collected at different temperatures from 288 • 323 K controlled by a Eurotherm* variable temperature unit with 
an accuracy of ±0.1 K. The 90 pulse width was 10.85 msec and the sweep width was 5000 Hz. The spectra were 

35 processed with Gaussian multiplication (lb - -1. gb - 0.1). Two-dimensional total correlation specuoscopy (TOCSY) 
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was performed with the standard pulse sequence and the data ware coQected with a sweep width of 4466 Hz in both 
dimensions and a spin lock mixing time of 65 msec as described. (Bax et at. J. Magn, Reson. 55:301-315. (1983)). 

FIGURE 8F shows the *H spectrum of Fraction 3 in 98:2 DMSO-de/D^O; the relevant peaks are labeled with 
anrows. Only one amide proton was observed (ceramide) and no acetate peaks were present confirming the absence of 
5 amino sugars in the head group. In ad£tioa there were no indications of the presence of neuraminic acid units in the 
molecule In the proton spectrum. Three anomeric protons were observed and their spin systems were traced by total 
correlation spectroscopy (TOCSY). Coupling constants measured for the anomeric proton doublets indicated two 
linked (7.6 and 7.7 Hz) and one a-linked (3.6 Hz) sugar groups. Data for ^^C also showed the presence of three 
anomeric carbons and the one bond coupling constants (measured in an HMQC' spectrum) consistent with the 

10 stereochemical assignments of the anomeric centers. 

Fraction 3 was then acetylated with acetic anhydride/pyridine in a 1:2 ratio for 24 hr at room temperature. 
The reagents were evaporated under reduced pressure and the residue was taken up in water and extracted with ethyl 
acetate (3x}. The combined organic extracts were washed with water and brine, dried by filtration through a pad of 
sodium sulfate. The crude peracetate was then purified on a silica get column using a gradient of CH3QH (0 -3%) 

15 CH^CI^ 

Exhaustive acetylation of Fraction 3 and purification yielded a compound with 1 1 acetate methyl groups 
present in the ^H NMR spectrum. This number of free hydroxyl groups in the molecule was consistent with a 
trihexose-containing ceramide glycoside. In addition, comparison of the NMR data obtained for Fraction 3 with that of 
an authentic sample of ceramide trihexoside (Gb3) (top spot), and with the reported chemical shifts and coupling 

20 constants of synthetic Gb3 showed the two to be virtually identical. A minor set of peaks were observed in the fatty 
add region of the spectrum and these were attributed to a small percentage of material where the ceramide portion 
varied in the length of the hydrocarbon chain attached at the ceramide amino group (see FIGURE 8E). 

To further define the carbohydrate moieties of Fraction 3, the inventors used high-performance thin-layer 
chromatography (HPTLC) followed by immunostaining with an anti-Gb3 antibody (38.13), an antibody knovim to 

25 recognize the terminal Gal (a14) Gal P motif. (Wtels et al., ProcJ}atlJcad.ScLU£A. 78:6485-6468 (1981) and 
Nudelman et aL, Science 220: 509-511 (1983)). Briefly, GSLs were separated on gtass-backed HPTLC plates 
(Analtech Inc., Newwark, OE) using CHCl3:MeOH:H20 (75:21.5:3.5 v/v ) as the mobile phase. The samples ( 5 //g per 
lane) were run in duplicate sets. Plates were air-dried and split into equal halves. One portion was sprayed with Bial's 
reagent and the other part of HPTLC plate was mechanically stabilized by a 2 min. bath in 0.1% poiy-isolbutyl 

30 methacrylate in n-hexane. The dried plates were sprayed gently with phosphate buffered saline and immeifiately 
immersed into Tris-BSA buffer to block non-specific binding for 30 min. at room temperature. The plates were then 
treated with appropriate dilution of anti-GSL antibodies for 1 hour at room temperature. Antibody binding was 
detected using alkaline phosphatase detection kit (Boehringer Manneheim Corp., Indianapolis, IN). 

FIGURE 8C shows immunostaining of Gb3 and Asialo-GM2 on HPTLC plates with 38.13 and an anti astalo- 

35 GM2 antibody. The 38.13 antibody reacted with Fraction 3 and Gb3 to similar extents, but not with asialo-GM2 that 
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contains N-acetyi galactosamine (p14) as the terminal sugar group (FIGURE 8C, middle panel). Conv&sely, the asiato- 
6M2 antibody only reacted with 3siaio-6M2 (RGURE 8C. right panel). These results demonstrate that the polar head 
group of Fraction 3 bears Gal fa 14) Gal P sugar linkages. The rabbit anti-Asialo GM2 antibody was obtained from 
Matreya, Inc. (Pleasant Gap, PAK Mouse anti-GalCer mAb was obtained from Boehringer Manneheim Corp., 
5 Indianapolis, IN, and the rat anti-Gb3 (38.13) mAb was generated as described elsewhere. (Wiets et al., 
ProcMt!Acad^ciM,SA. 78:6485-8488 (1981) 

To further confirm the exact nature of carbohydrate motifs of Fraction 3, the inventors performed enzymatic 
analysis using a galactosidaseA (a-GatA) that is specific for the hydrotyds of the galactose (a14)-galactosyl Gnkage 
found in Gb3. Dried afiquots of Fraction 3 and authentic gtycosphingofipids (20 //g) were digested by incubating for 2 

10 hours with an excess (7000 units) oc GalA in 80 mM sodium acetate, pH 4.1 containing. 0.25% Nonidet-P40 and 
0.25% sodium taurocholate prepared as described previously. (Kusiak et al., IBioLChem, 253: 184-190 (1978)). 
Following Folch partition, the tower phase was dried and redissoived in CHC^MeGH (2:1) and an aliquot subjected to 
HPTIC. (Folch et al., JMioLChem. 225:497-509 (1957)). Spots were visualized by spraying with 0,1% 5-hydroxy-1- 
tetraiaiie in 80 % sulfuric acid and scanned on a Storm 8B0 fluorescent scanner (Molecular Dynamics, Sunnyvale, CA) 

15 with a blue fluorescent filter set (excitation filten450 nm; emission filter. 520 nm) and a photomultipiier tube voltage 
of 900 volts. (Watanabe & Mizutsaa/z/r.^^^, 36:1848-1855 (1998)). 

FIGURE 9 (A) shows that treatment of Fraction 3 with a-GalA resulted in the formation of a product 
comigrating with ceramide dihexoside that probably represents lactosylceramide (Gb2). Prior to digestion, Fraction 3 
migrated coincident vinth Gb3, which was used as positive control in this assay system. Under the conditions used 

20 here, the a-GalA preparation was tested for a and P glycosidase acthrity against synthetic substrates and shown to 
be reactive for only a-galactosyl-containing substrates. a-6alA did not cleave sugar groups from Gb2 confirming the 
specificity of the enzyme. Fraction 3 was effidentiy hydrolyzed by ceramide giycanase resulting in the formation of 
ceramide and a trihexoside confirming that the sugar anached to the ceramide in Fraction 3 was glucose attached by 
P linkage. Based on the suuctural analysis presented above it is evident that the Fraction 3 isolated from a human 

25 erythrocyte GSL mixture is a ceramide trihexoside that possesses a polar head group identical to the weli- 
characterized Gb3 (Gal (al4) Gal (P14| Gtc-Cer ). 

To determine whether Fraction 3|6b3 was a cofactorfor CD4-dependent HIV-1 fusion, HeLa-CD4*|6SL' cells 
were supplemented with a variety of weD*defined GSLs and fusion witii HIV-Ilai env expressing TF228 cells was 
monitored. (Puri et al. BBRC 242:219-225 (1998) and Abe et al. J,B/ochemmkio) 1 11: 191-196 (1992)). HeLa- 

30 CD4*/GSL cells were obtained by culturing HeLa-CD4* cells in the presence of lO^M PPMP (a competitive inhibitor of 
ceramide:UDP glucosyl transferase), for 7 days. HeLa-CD4*/GSl cells were labeled with CMTMR for 24 hours at 
37*'C and TF228 cells were labeled with eitiier DiO or calcein-AM, as above. PPMP, (1-phenyl-2-hexadecanoylamino-3- 
morpholino-1-propanoI) was procured from Matreya, Inc. (Pleasant Gap, PA) and all incubation media contained the 
inhibitor. PPMP treatment did not alter the levels of cell surface expressed CD4 and CXCR4 as monitored by flow 

35 cytometry and fluorescence microscopy of specific mAb stained cells. 
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HeLa CD47GSL' cells were also mads to express hemagglutinin by infecting HeLa C04* cells on microwdls 
(5x10^ per dish) with PR/8 influenza virus (A/PR8/34/H1N1) overnight at The HeLa C0476SL cells' were then 
treated with 5 //g/ml trypsin for 5 min. at room temperature to convert the hemagglutinin precursor to its fusogenic 
form. Liposomes (1 ml) were then allowed to bind to hemagglutinin-expressing HeLa C04"/6SL cells and liposomeH:ell 
5 fusion was induced by brief exposure 150 sec) of the cells to pH 5.1 foHowed by incubation in Dulbecco's modified 
Eagle's medium supplemented with 10% heat inacthrated fetal bovine serum, 100 units/ml penic^iin, and 100 //g/ml 
streptomycin. Fusion of the hemagglutinin-expressing HeLa C04'/6SL' cells and TF228 cells was allowed to take 
place by coculturing the cells for 2-6 hours at 37**C and fusion was monitored and scored as above. 

FIGURE 9 (B) shows recovery of fusion activity after addition of eith^ Fraction 3 or Gb3 to HeLa CD47GSL' 

10 cells. Neither addition of a-GalA-treated-Fraction 3 nor Gb2, a precursor of Gb3, to the target cells under identical 
conditions rescued fusion acthrtty/ indicating that the Gal |a14) motif is critical. Gb4, the major neutral GSL in the 
human erythrocyte membrane arises from Gb3 by addition of N-acetylgalactosamine to the terminal galactose residue 
of Gb3 in a p1-3 frnkage (see RGURE BA). (Yamakawa et aL Jpn. J, Exp, Med, 35:201-207 (1965)). Incorporation of 
Gb4 into the plasma membranes of HeLa-CD47GSL celts did not result in recovery of fusion with TF228 celts (FIGURE 

15 10). This result established that the terminal a galactose residue of Fraction 3fGb3 must be at the terminal position 
for HlV-1 env-mediated fusion. WhOe others have shown that GD3, Gb2 and GM3 specifically Interact with HIV-1, 
RGURE 10 clearly reveals that Gb3 is the cof actor necessary for CD4-dependent fusion and entry of HIV-1. (Yahi et 
BlJ.I/IwL 66:4848-54 (1992) and Delezay, et al. Biochemistry 35, 15663-15671 (1996)). 

In order to examine possible strain-specificity of Gb3, the inventors tested various isolates for their ability to 

20 fuse with GSL-depleted GHOST X4 or R5 cells. FIGURES 11A and 11B show the specificity of these cells for the 
envelope glycoproteins of their respective HIV-1 isolates, and their inhibition by pre-treatment of the target celts with 
PPMP. Although Gb3 appeared to be the most potent GSL in restoring the fusion activity of CXCR4 and/or CCR5- 
utiiizing envelope glycoproteins, some enhanced activity over background was also seen upon reconstitution with 
GM3. 

25 In the experiments described above, the inventors demonstrate that glycosphingotipids are involved in the 

entry of a broad range of. HIV-1 isolates into ceD lines expressing C04, CXCR4 and/or CCR5. Evidence of this 
discovery is provided by the observation that the inhibitian of the synthesis of Glucosylceramide (GlcCer), that serves 
as the precursor for hundreds of different glycosphingoiipids (Ichikawa and Hirabayashi, Trends, CeHBiol,, 8:198-202 
(1998)1, disrupts HIV-1 entry. GlcCer-based sphingoiipids have been identified as important mediators of a variety of 

30 cellular functions, including proliferation, differentiation, development, and cell-celt recognition. (Hakomori, 
Gfycohmlogy, 8:xi-xix (1998)). The inventors have demonstrated that cell lines cultured in the presence of PPMP, a 
competitive inhibitor of Glucosylceramide Synthase (Abe et at., J, Biochem (Tokyo), 111:191-196 (1992)), exhibit a 
reduction in overall glycosphingolipid content (RGURE 2). The inhibition of GSL biosynthesis affected neither cell 
surface expression of CD4, CXCR4 and CCR5 (FIGURL 3), nor the formation ol a trimotecular gp120-CD4-chemokine 

35 receptor complex (FIGURL 5). Moreover signaling of these celts via chemokine receptors was not altered by inhibition 
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of GSL biosynthesis (RGURL 4). However, lack of GSLs on the target membrane did block the masshre 
conformatiana! changes in gpT20-Qp41, that result from spedfic interactions between gp120-gp41, CD4 and 
chemokine receptor (FIGURE 6). Inhibition of GSL biosynthesi? in the target membrane reduced fusion activity with 
env-expressing cells (FIGURL 11), as well as the infection by HIV-1 from a variety of isolates (RGURL 1). PPMP- 
5 treatment of envelope giycoprotein-expressing cells did not affect their subsequent fusion with appropriate (untreated) 
target cells, indicating that the GSL effect is unidirectionaL Inhibition of GSL biosynthesis did not affect entry of virus 
pseudotyped with the envelope glycoproteins from VSV or amphotropic MuLV (FIGURL 1), which indicates that the 
GSL effect is unique for HIV-1. 

The inventors have discovered that the GSLs range in their ability to restore the fusion acthrity of all HIV-1 

10 isolates tested with Gb3 being preferred (e.g., Gb3 > > GM3 > 603). In T lymphocytes, however, the 
monosialogangfioside GM3 represents the main gangiioside constituent of the plasma membrane (72% of total 
gangliosides); Gb3 is not detectable. Nevertheless, HlV-1 envelope glycoprotein- mediated cell fusion is inhibited 
following PPMP treatment of SupTI cells ( a T cell line) and other ceil lines normally devoid of Gb3. Although addition 
^ of Gb3 to GSL-depleted cells recovers fusion, even in backgrounds where Gb3 is normally abi^nt, other 

1 5 glycosphingolipids, such as 6M3, can fulfill the necessary role in mediating HiV-1 fusion. 

In recent studies, investigators postulate that sphingolipid and cholesterol-rich domains exist as phase- 
separated ^'rafts'* in the membrane, which serve as sites enriched in signal transduction assemblies. (Simons and 
Ikonen, Nature, 387:569-572 (1397); Brown and London, Anna, Rev, CeBDev, BioL 14:1 1 1-136 (1998)). Accortfing 
to a model proposed by Fantini et aL, for example (Hammache et al., J, ViroL, 73:5244-5248 (1999)), the 

20 glycosphingoftpids recognized by both C04 and gp120 induce the formation of a trimolecular complex of CD4, 
glycosphmgolipid and gp120 in such rafts. The observation that CD4 is found in GMS-enriched domains on the 
lymphocyte plasma membrane (Sorice, et aL, J. Lipid Res., 38:969-980 (1997); Millan et aL, Tissue Antigens, 53:33- 
40 (19991) is consistent with this hypothesis. Although the interaction between CD4, gp120, and the GSL is 
consistent.with the data presented above, a slightly different model is more appropriate: 

25 Not wanting to limit the scope of any embodiment of the invention to any particular mechanism or mode of 

action, the following theory is offered only as one possible mechanism by which HIV-1 entry occurs. Accordingly, the 
inventors befieve that CD4 and chemokine receptors are associated before gp120 mteraction and that this association 
is not dependem on the presence of GSL (See FIGURL 5). These complexes are enriched in rafts, leading to a higher 
local concentration within a cell-surface microdomain. In the absence of GSU the trimolecular gp120-CD4^:hemokine 

30 receptor complexes are still formed (FIGURL 5), but the masswe conformational changes required for fusion do not 
occur (RGURL 6). Further, the inventors propose that secondary interactions between the V3 loop of gpl20 and the 
polar heads of GSL molecules lead to the conformational changes in gp120-gp41 that allow for dissociation of gp120 
from gp41 and that this step enables gp41 to form the viral hairpin (Simons and Ikonen, Nature, 387:569-572 (1997)) 
that promotes assembly of the gp41 molecules into the fusion machine. In the following discussion, the inventors 
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disclose several embodiments that concern the moduiation of GSL interactions with gp120^p41 so as to treat and 
prevent HIV-1 infection. 

Embodiments that modulate mteractms betwien gpf20^! and giycosphmgofipids 
5 Several embodiments of the invention invohre biotechnologicai tools, diagnostics, prophylactics, therapeutics 

and methods of use of the foregoing that exploit imeractions between gp120^p41 and gtycosphingoGpids so as to 
treat and prevent HlV-1 infection. These embodiments desirably provide GSls in such a form or in such a way that a 
sufficient affinity for gp120-gp41 is achieved. While a natural monomeric agent (that is, an agent that presents a 
discrete molecule, thus, carrying only one binding epitope or domain) can be sufficient to achieve a desired response, a 

10 synthetic agent or a multtmeric agent (that is, an agent that presents multiple molecules, thus, having several binding 
epitopes or domains) often times can elicit a greater response. It should be noted that the term "multimeric" refers to 
the presence of more than one molecule on an agent, for example, several individual molecules of 6b3 joined to a 
support, as distinguished from the term, "multimerized^ that refers to an agent that has more than one molecule joined 
as a single discrete compound molecule on a support, for example several molecules of Gb3 joined to form a single 

15 compound molecule that is joined to a support. 

The synthesis of several synthetic derivathres and multimers of Gb3 is straightforward and is known. 
(Armstrong et al. 1 Infectious Diseases 171:1042-1045 (1995)). In addition to natural or synthetic Gb3, the natural 
or synthetic carbohydrate head group of the GbS trihexbside without ceramide can be used. A multbneric form of 
natural or synthetic Gb3 can be advantageous for many applications because of the ability to obtain an agent with 

20 higher affinity for HIV-1. Thus, one aspect of the invention contemplates using synthetic monomeric Gb3 and/or 
multimeric natural or synthetic Gb3. Other aspects of the invention include the use of natural or synthetic ceramide 
dihexosides and ceramide trihexosides that are composed of sugar combinations different than that of Gb3. 

A multimeric GSL (synthetic or natural) can be obtained by coupBng the GSL or, for example, the trihexoside 
head group of Gb3, to a macromolecular support. A "support" may also be termed a carrier, a resin or any 

25 macromolecular structure used to attach or immobilize a GSL or trihexoside head group. The macromolecular support 
can have a hydrophobic surface that interacts with the ceramide of Gb3 by hydrophobic non-covalent interaction. The 
hydrophobic surface of the support can be, for example, a polymer such as plastic or any other polymer in. which 
hydrophobic groups have been linked such as polystyrene, polyethylene or potyv'myL Alternatively, Gb3 or the 
trihexoside head group can be covalently bound to carriers including proteins and obgo/polysaccarides |e.g. cellulose, 

30 starch, glycogen, chitosane or aminated sepharose). In these later embodiments, a reactive group on Gb3 or the 
trihexoside head group, such as a hydroxy or the amino present in the ceramide, can be used to join to a reactive group 
on the carrier so as to create the covalent bond. Embodiments also can comprise a support with a charged surface 
that interacts with the GSL of the invention. Addttionai embodiments concern a support that has other reactive 
groups that are chemically activated so as to attach a GSL of the invention. For example, cyanogen bromide activated 
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matrices, epdxy activated matrices, thio and thiopropvl gels, nitrophenyl chtoroiormate and N-hydroxv succmimide 
chlorf ormate Onkages, or oxirane acryfic supports can be used. (SIGMA). 

Further, the support can comprise inorganic carriecs such as silicon oxide material |e.g. silica gel, zeolite, 
diatomaceous earth or anrtinated glass) to which GSL, Gb3, or the trihexoside head group is covatentty linked through a 
5 hydroxy, carboxy or amino group of the ceramide moiety of Gb3 and a reactive group on the carrier. Thus, in 
appropriate contexts, a "support" can refer to the walls or wells of a reaction tray, test tubes, polystyrene beads, 
magnetic beads, nitroceltutose strips, membranes, micropartides such as latex particles, sheep (or other animal) red 
blood ceDs, Duracyte® artificial cells, and others. Inorganic carriers, such as silicon oxide material |e.g. si&ca gel, 
zeolite, diatomaceous earth or aminated glass) to which the GSL of the invention is covalantty linked through a 

10 hydroxy, carboxy or amino group and a reacthre group on the carrier are also embodiments. Carriers for use in the 
body, (e.g., for prophylactic or therapeutic applications) should be physiological, non-toxic and preferably, ndn- 
immunorespoRsive. Such carriers inchide, but are not Gmited to, poly-L-lyslne, poly-D, L-alanine and Chromosorb* 
(Johns-ManvOle Products, Denver Co.). Gb3 conjugated Chromosorb* (Synsori) Pk) has been tested in humans for the 
prevention of hemolytic-uremic syndrome and was reported to retain the ability to bind verotoxin after passing through 

15 the gut without adverse reactions. (Armstrong etal.,J.//7/ff/!n7af/7/5£^^,171:1042-1045 (1995)). 

In other embodiments, linkers, such as X Knkers or biotin-avidin (or streptavidin), of an appropriate length are 
inserted between the GSL and the support so as to encourage greater flexibility and thereby overcome any steric 
hindrance that is presented by the support The determination of an appropriate length of Hnker that allows for 
optimal interaction with gp120-gp41, is made by screening the GSL of the invention, e.g., Gb3 joined to a support, 

20 having varying length Onkers in the fusion assays or infection assays or both described herein. 

A composite support comprising a GSL and other receptors, such as CD4 and/or a chemoktne receptor, are 
also embodiments of the invention. A "composite support" can be a carrier, a resin, or any macromolecular structure 
used to anach or immobilize a GSL and CD4 or a GSU CD4 and a chemokine receptor. Composite supports can 
provhle higher affmity for HIV-1 and can be particularly useful for some aspects of the invention. CD4/Gb3/CXCR4 

25 composite supports, for example, are designed to mimic the plasma membrane surface presented to HIV l and can 
provide optimal blndmg. Composite supports can be constructed from ceil membranes comprising CD4, chemokine 
receptors and Gb3 or from isolated CD4, ch^okine receptors and Gb3. The overexpression of CD4 and CXCR4 in 
tissue culture has been demonstrated. [Schnell et aL, Ceff 90:849 (1997)). By one approach, recombinant vaccmia 
viral constructs can be used to infect Gb3 containing cells to generate plasma membranes for use in preparing the 

30 . composite support The C04, 6b3 and chemokine receptors can be coupled to the support by utifizing hydrophobic 
interactions or covalent fmkages formed through reactWe groups, as above. 

The composite supports are also constructed by utiGzing hydrophobic interactions and covalent linkages 
formed through reacthre groups, as detailed above. Further, linkers, such as k linkers, of an appropriate length 
between the GSLs and the support are inserted in some embodiments so as to encourage greater flexibility in the 
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molecuie and overcome steric hindrance. The dstermmation of an appropriate length of Onker that allows for optimal 
interaction with gpl2Q^p41 is made by screening, as described above. 

in other embodiments, the muhimeric and composite.supports discussed above have attached muttimerized 
6Si^ so as to create a "multimerized-muttimeric support" or a "muttimerized-composite support". An embodiment of a 
5 muhimerized agent is obtained by creating an expression construct having two or more nucleotide sequences encoding 
the molecuie joined together using conventiona! techniques in motecuiar biology. The expressed fusion protein is one 
embodiment of a multimerized agent and is then joined to a support A support having many such multimerized agents 
is termed a muttimerized^ultimeric support Linkers or spacers between the domains that make-up the muttimerized 
agent and the suport can be incorporated for some embodiments and optimally spaced [inkers can be determined using 

10 the approaches described above. In a similar fashion composite-multimerized-multimeric supports with and without 
linkers can be constructed by joining more than one different multimerized GSL or chemokine receptor. 

In one facet of the invention. GSLs are used as a toot for biotechnological purposes. The fusion of a virus, 
cell or liposome having gp120-gp41 with a CD4' cell can be enhanced by providing Gb3 to the cell in a manner that 
allows the cell to incorporate the ceramide trihexoside in its plasma membrane. By adding more Gb3 coreceptor to the 

15 CD4" cell than would normally be present, a virus, cell or liposome having gp120-gp41 can more efficiently fuse with 
the C04^ cell This embodimem would be particularly useful for establishing in vitro cultures of HIV-1 and can have 
several applications in the fields of viral transfection, monoclonal antibody production and the intracellular delivery of 
macromolecules. 

There can be many ways to obtain cells with high concentrations of Gb3 or any other ceramide in their 

20 plasma membranes. Liposome-meifiated transfer, as described above, is one approach to deliver Gb3 to the plasma 
msnbrane of a cell. Altematively, mutant cell fines can be generated by known methods and selected for according to 
the amount of 6b3 or another GSL present in their cell membranes, as determined by FACS, immunocytochemistry, or 
the fusion assays presented above. Repetithre cycles of FACS sorting, can also allow enrichment of populations of 
cells that have large quantities of Gb3 or another GSL on then* plasma m^ibranes. Methods of inducing cells to 

25 produce greater quantities of Gb3 can also include the over expression of genes involved in GbS synthesis or the 
disruption of genes that regulate the synthesis of Gb3. The genes involved in the synthesis and regulation of Gb3 are 
known and the making of expression constructs or knockout constructs is routine. 

Cells expressing CD4 and having a high concentration of Gb3 in their plasma membrane will demonstrate 
enhanced fusion [lb. %fusion) with viruses, ceDs or liposomes that have gp120-gp41 on their surface. GbS fusion 

30 enhancemem can be used to efficientiy form cell hybrids for the production of monoclonal antibodies and can be 
exploited to optimize viral transf ection. Further, GbS fusion enhancement can be used to efficiemly transfer liposomes 
containing macromolecules, such as drugs, antibodies, proteins, nucleic acids or virus. Adcfitionally, embodiments of 
the invention are aimed at improving liposome mediated deihrery of an agent to specific cell types in a multiceOular 
organism. For instance, consider that HIV-1 infected T-cells often express gp120-gp41 on their cell surface and can 

35 passively infect non-infected T-cells by gpl20-gp41 and CD4/Gb3 mediated cell-ceil fusion. In titis case, the deihrery 
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of a Gb3 bearing iiposome containing an agent that would selectively inhibit HIV replication in the gpl20-gp41 
expressing T ceils would be therapeutically beneficial 

It is further cont^tated that embodiments of the invention can be used for the preparation and isolation of 
HfV-1 particles, gp120-gp41 or fusion proteins containrng gp120-gp41 through the use of estab&shed affinity 
5 chromatographic methods. For this purpose, Gb3 or another GSL can be coupled to a solid support carrier or resin, as 
described above, so as to create a multimeric agent and iigand binding can be accomplished in chromatographic 
columns, filtration, sedimentation, centrifugation or during electrophoretic separation. Ahemathrely, composite 
supports, as described above, can be used. Elution of bound Ogand is accomplished by subjectmg the bound support to 
a low pH, a Ingh concentration of GSL or other known methods. Cleavabie linkers introduced between the support and 

10 Gb3, such as disulfide bridges or cleavabie proteins, as known by those of skill in the art, can be used in the 
altemative. In this way, bound HIV-1 particles, gp120-gp41 or fusion proteins containing gp120-gp41 can be 
retrieved from the 'GSL solid support in their native state. 

Immobilized Gb3, a multimer of Gb3 or a multimer of Gb3 head groups on a support can also be used to 
purify HlV-1 contaminated solutions including human blood or plasma. Similar to the approach above, an HIV 

15 contaminated solution is applied to a Gb3 resin or a composite resin and is allowed to bind for a sufficient time. 
Successhre passes over virgin Gb3 or composite resin (i.e. Gb3 or composite resin that has not been subjected to a 
contaminated solution) can further purify the solution. Additionally, the level of contamination of the solution can be 
monitored by various immunoassays described above or other known techniques. In addition to clearing HJV-1 from 
the contaminated solution, HIV>1 Infected T cells that express gp120 will be bound to the Gb3 resin, thus, eliminatmg 

20 passhre infection mediated by T-ceD fusion. 

Another aspect of the invention involves the use of an immobifized Gb3 or composite support as a dialysis 
filter to remove HIV-1 and cells express'mg gp120-gp41 from a patient's blood. By this method, a modified dialysis 
filter cartridge (a support comprising immobilized Gb3) is used to bind and remove HIV-1 and cells expressing gpl20- 
gp41 from a patient suffering from HIV infection and/or AIDS. Several types of dialysis machines and dialysis fitters 

25 are known In the art and can be modified to meet this aspect of the invention. (See e.g. introduction to Dialysis 2nd 
ed., Cogan ed. (1991)). One particulariy dearable design is a portable hemodialysis machine, the REDY Sorbant 
Hemodialysis System (REDY 200D), manufactured by Organon-Teknika Corp. (Durham, NC). (Dialysis Therapy 2nd ed., 
Nissenson and Rne eds., Shapiro, REDY Sorbant Hemodialysis System p. 146-149 (1993)). The REDY 2000 uses a 
sorbant ciartridge filter containing two layers of activated charcoal, a layer of urease, a cation exchange layer and an 

30 anion exchange layer. (Id.). 

Embodiments of the invention use a similarly designed hemodialysis system wherein a cartridge comprising 
at least one layer of Gb3 is included. In an alternative embodiment a hemodialysis system wherein a composite 
support is included in the cartridge is contemplatei The Gb3 support or the composite support-based hemodialysis 
systems will significantly clear HIV-1 virus and T-cells expressing gp120-gp41 from the blood of an infected patient in' 
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roughly four hours. These aspects of the invention also have the added advantages that they are portable, relatively 
inexpensive, generate minimai hazardous waste and can be used by a single patient in the prhracy of their home. 

Other embodiments involve diagnostic tools. For ifiagnostic purposes, viral particles present in secretions 
from infected patients or other biological samples can lie exposed to a 6b3 or composite support The support 
5 material in this case can be a carrier such as a dipstick* immunological vial or test card. After bini&ig, the Gb3 or 
composite support is carefully washed and the presence of HIV-1 can be detected by standard techniques incluiSng 
but hot limited to Western, Northern, EUSA and PCR analysis. 

St3l more anbodiments concern the screening of potential prophylactic or therapeutic agents for their ability 
to prevent or treat HIV-1 infection. The following discussion details the use of gp120 and 6b3 tmmobifized supports 
10 to screen potential prophylactic, therapeutic and fusion enhancing agents. It will be appreciated from this discussion 
that immobilized supports comprising any other GSL can be made and used according to the methods that follow. In 
one embodiment then either gp120 or Gb3 is immobilized to a support as described above. Alternatively a composite 
support or another GSL-based support is used. To test the effectivity of a prophylactic agent, the agent is added to 
' the immobilized gp120, Gb3 or composite support and, subsequently, the complementary molecule fue. Gb3 
15 complements gpl 20 and vice versa) is added. A sufficient time for binding is allowed and the uribound complementary 
molecule is washed away. The presence of bound complementary molecule is then determined by assays such as 
EUSA or immunolabeling. A successful prophylactic agent wilt prevent significant binding of the complementary 
molecule as demonstrated by Bttle or no detection of bound complementary molecule by EUSA or immunolabeling. 

Similarly, a potential therapeutic agent can be screenel As before, either a composite support, a 6b3 
20 support or immobilized gpl 20 is used but in this case, the complementary molecule is added simultaneously vnth the 
therapeutic agent. A sufficient bmding time is aDowed and the unbound complementary molecule is washed away. 
The bound complementary molecule that remains is detected, as above, and the ability of the therapeutic agent to 
competitively inhibit the binding of gpl 20 to Gb3, as indicated by the detection of gp120fGb3 complex can be 
determmed. 

25 Alternatively tiie ability of a tiierapeutic agent to displace complexed gp120/Gb3 can be assessed. By this 

approach, either a composite support a Gb3 support or mimobiiized gp120 is used, as before, but tiie complementary 
molecule is added prior to tiie addition of the therapeutic agent A sufficient time for binding is allowed and the 
unbound complementary molecule is washed away. A potential therapeutic agent is tiien added to the complexed 
gp120/Gb3 and is allowed to interact for a sufficient time. The dislodged complementary molecule and unbound 

30 therapeutic agent is then washed away and the amount of bound complementary molecule that remains is determined, 
as above. Successful therapeutic agenu of this sort will have a higher affinity to either gpl 20 or Gb3 so as to 
displace the bound Gb3/gp120 complex and the detection of littie or no remaining Gb3/gp120 complex will indicate an 
effective therapeutic agent. 

By using the methods detailed above, agents that enhance fusion can be also screenei Instead of treating 

35 the immobilized Gb3 or gpl 20 with a therapeutic or prophylactic agent a potential enhancing agent is provided and 
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binding is detBrmined. The enhancing agent can be added prior to, during or after the adifition of the ccmpiementary 
molecule. The screening and determination of agents that enhance fusion can be useful for identifying and 
characterizing new HIV coreceptors, and oth^ agents that improve HIV modeling, monoclonal antibody production and 
liposome mediated drug delWery. 
5 In the ahemative, a fusion assay similar to the one used to test the inhibition of fusion mediated by PPMP 

can be used to test for potential prophylactic, therapeutic or fusion enhancing agents. By one approach using this 
aspect of the invention, HeLa-CD4* ceils labeled witit CMTMR are cultured in tiie presence of the agent to be tested 
for a sufficient time then the treated HeLa CDA* cells are contacted writh fluorescentiy labeled TF228 cells for 2-6 
hours at 37**C. Fusion is determined by microscopy, as above, and a successful prophylactic or tiierapeutic agent will 

10 dononstrate a reduction in the %fusion, as compared to untreated control cells, whereas, a successful enhancing 
agent will show an increase in the %fuston in relation to the untreated control cells. One of skill in the art wtD 
appreciate that simiiar assays can be performed using a virus, Rposome or support comprising any other 6SL or gpl20 
to test potential therapeutic, prophylactic or enhancing agents. 

Several types of prophylactic or therapeutic agents that inhibit the syntiiesis, transport or availabHity of 

15 GSLs including 6b3 are also contemplated by the invention. In one embodiment an inhibitor of the biosynthesis of 
GSLs, gtucosyl ceramides and/or Gb3 is administered to a subject suffering from HIV-1 infection andfor AIDS. As a 
first step, such a patient is identified, and as a last step tiiis patient is evaluated for effect. 

As contemplated by the invmtors, a giycosphingolipid synthesis inhibitor, more specifically an inhibitor of a 
glucosyl ceramide or 6b3 is administered to a subject infected witfi HIV-1. One such inhibitor that will efficientiy 

20 inhibit tiie production of 6b3 and HIV-I fusion b PPMP. Analogs to PPMP such as PPPP tiiat demonstrate an 
effective inhibition of cell-ceil fusion by the assays presented above are also within the scope of the invention. 
Furtiier amino-sugar derivatives like N-butyldeoxygalactonoprimycin (NB-DGJ) and related analogs, particularly N-hexyl 
derivatives of NB-DGJ, are contemplated by the inventors. NB-DGJ is an inhibitor of tiie ceramide specific glucosyl 
Uansferase and has been proposed to be effecthre for the treatment of Gaucher's disease, a glycolipid storage 

25 disorder. (Piatt et al. / BioL Chem, 269:27108-271 14 (1994)). 

Dosages of the 6SL synthesis inhibitors can vary widely depeni&tg on the compound used and the intended 
use (Le. whether for prophylaxis or treatment and the age and condition of the patient). GeneraDy, therapeutically 
beneficial levels of PPMP and NB-DGJ can be from between 5 -BO/zM and preferably are between 5 and 20//M, 
advantageously 1Q^^t Other dosages can be calculated. The level of GSL inhibition is preferably monitored during 

30 the administration of the inhibitory agent so that the dose of inhibitor can be adjusted and a stable beneficial 
concentration of mhibitor in the patient is maintainei Analysis of the presence of Gb3 on patient ceil plasma 
membranes by FACS is one approach that can be used to rapidly monitor the effectivity of Gb3 inhibition during the 
course of treatment 

The synthesis of GSLs, ghicosyl ceramides or Gb3 can also be selectively inhibited by oligonucleotides or 
35 ribozymes. The nucleotide sequence of several enzymes involved in GSL biosynthesis is known and tiie manufacture 
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of anmense oligonucleotides or ribozymes that inhibit ths transcription of 6SL synthesis genes would be straight 
forward to those of skill in the art By employing the assays described above, various oligonucleotide and ribozyme 
inhibitors can be screened for their ablTity to prevent ceG-cell fusion. Further, a therapeutically beneficiai dosage of 
the inhibitor can be determined, by monitoring the reduction of 6SL glucosyl ceramide or 6b3 at the surface of a 
5 patient's ceils by FACS. Momtoring the levels of 6b3 on the surface of the patient's cells during the course of 
treatment, as above, b also advised so that 6SL suppression can be sufficientfy mamtained. The use of antisaise 
oligonucleotides and ribozyme agents to inhibit 6SL biosynthesis has the added advantage that enzymes involved in 
the addition of specific sugar residues can be selecthrety inhibited so that HIV infection can be treated and/or 
prevented with little adverse consequence to the patient. 

10 The synthesis of GSLs, giucosyl ceramides or Gb3 can also be inhibited by the intercellular introduction of 

monoclonal antibocfies that are specific for enzymes involved in glycosphingoiipid synthesis. Monoclonal antibodies 
directed to enzymes involved in glycosphingoiipid synthesis are generated by known methods and are tested for their 
ability to inhibit ceD-cell fusion by a slight modification of the fusion assays described above. By one approach, 
liposomes containing a mAb are cultured with GbS" cells and after a sufficient time for fusion and inhibition is 

15 provided, the amount of Gb3 remainbig on the ceils is determined by FACS. Successful therapeutic or prophylactic 
mAbs will demonstrate complete inhibition of 6b3 synthesis as indicated by the failure to detect Gb3 by FACS on the 

r 

cell surface over time. 

Monoclonal antibodies that efficiently inhibit synthesis of GSLs, glucosyl ceramides or Gb3 in vitro are then 
used for prophylactic or therapeutic application in vivo. To inhibit the synthesis of GSLs in a patient suffering with 

20 HIV infection or AIDS, a liposome bearing gp120'gp41 that contains the therapeutic mAb is used so that cells having 
Gb3 can be selectively inhibited. As before, the dosage of the agent is determmed experimentally and can be patient 
pacific. A proper dosage is found by monitoring the inhibition of Gb3 synthesis in the patient's cells by FACS over 
the course of treatment The dose of mAb is also adjusted to maintain a constant level of mhibition. In another 
embodiment of this aspect of the invention, several mAbs that inhibit different enzymes invoWed in the synthesis of 

25 GSLs, glucosyl ceramides or Gb3 are administered simultaneously so as to achieve optimal inhibition. 

Alternatively, a vehicle, such as a virus, liposome, or plasmid, having a nucleic acid encoding a mAb that 
would sequester an enzyine involved in GSL synthesis is contemplated. By one approach, the nucleic add present in 
the vehicle would include nudeotide sequence encoding a Goigi localization signal as well as sequence encoding the 
mAb so that the addition of sugar residues can be specifically mhibited at the GolgL In a similar manner, mAbs that 

30 interfere with the transport of GSLs can be generated intercellulajiy so that the detivery of Gfa3 can be trapped m the 
GolgL As above, the dosage of the agent is determined experimentally and can be patient and mAb specific A proper 
dosage is found by monitoring the mhibition of GSL synthesis in the patient's cells by FACS over the course of 
treatment The dose of mAb is also preferably adjusted so as to ma'mtain a constant Gb3 inhibitioa 

The invention further relates to the use of mAbs that bind to precursors of GSL biosynthesis so as to inhibit 

35 the production of Gb3. For example, mAbs that bind to Gb2 or another glucosyl ceramide can prevent the addition of 
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further sugar residues and, thus, inhibit Gb3 synthesis. By one method, these antibodies can be generated by treating 
the patient with a vehicle comprising a nucleotide sequence encoding the mAb and a Golgi signal sequence. As before, 
the dosage of the nucleic acid Kicoding the mAb is detemiined eipCTimentally and can be patient and mAb specific. A 
proper dosage is found by monitoring the inhibition of Gb3 synthesis in the patient's cells by FACS over the course of 

5 treatment. The dose of mAb is also adjusted to maintain a constant level of 6b3 inhibition. 

Another aspect of the invention involves the treatment of HIV infection and AIDS by administering agents 
that interfere with the function of gpl70 - the molecule associated with the multi-drug resistance (MDR) phenotype. 
The MDR phenotype is consistently associated with over expression of a 170 kD membrane glycoprotein {gpl70) that 
is responsible for an ATP-dependent efflux of a broad spectrum of structurally and functionally distinct drugs from 

10 MDR cells. (Kane et aL J., Biosnerg, B/omembr, 22:593 (1990) and Riordan et aL, PharmacoL Tber., 2B: 51 (1985)). 
Known agents that modulate gp170 activity include calcium channel blockers, calmodulin inhibitors, antiarrythmics, 
antimalarials,. lysoosmotic agents, steroids, antiestragens, cycHc peptide antibiotics and gp170 specific antibodies. 
(Rittmann-Grauer et aL Cancer Res. 52: 1810 (1992) and Pearson et al. J. NatL Cancer inst 83: 1386 (1991)). An 
additional activity of gp170 is to uanslate glucosyl ceramide from the cytosolic face of the Golgi where it is 

15 synthesized, in tiie lumen of the Golgi where additional sugar groups are added to create many GSLs including Gb3. 
(van Helvoort et aL, CeO 87:507 (1996)). The inventors contemplate the administration of agents that inhibit tiie 
function of gp170, with and witiiout tiie administration of the therapeutic and prophylactic agents mentioned above. 
The administration of therapeutically beneficial doses of gp170 inhibiting agents can be determined by tiie approaches 
tiiat have been established above. Preferably, the level of inhibition of GSL synthesis is monitored by FACS analysis 

20 of patient's cells and the dose of gpl 70 inhibitor is adjusted to achieve maximal Gb3 synthesis inhibition. 

Anotiier facet of the invention includes the use of agents that inhibit the function of Gb3 or other GSLs by 
cleaving sugar residues on GSLs, glucosyl ceramides or Gb3. The administration of a-galactosidase can inhibit CD4- 
dependent-Gb3-me(fiated cell fusion, for example, if it is provided at an appropriate dose and in an appropriate form. 
The dosage of a-galactosidase can be patient specific and can be determined by the amount of agent necessary to 

25 abolish binding of the anti-6b3 antibody (38.13). as detected by FACS. As before, periodic monitoring and adjustment 
of the dose of a-galactosidase is performed in accordance with the levels of MAb 38,13 detected by FACS. In tiie 
alternative, other enzymes that cleave sugars on GSLs, glucosyl ceramides or Gb3 can be used including ceramide 
glycanase. 

Embodiments of tiie invention can also comprise administering an agent that hinds to GSLs, glucosyl 
30 ceramides or Gb3 thereby inhibiting tiie bmding of HIV-1 to gp120-gp41 expressing ceOs. There can be many agents 

designed by one of skill in the art to bmd to Gb3, for example, so as to interfere witii the binifing of gp120-gp41. 

Several such agents have been described in the Bterature in relation to bacterial toxins. Some straws of Esherichia 

Coli produce a verotoxin that bind to Gb3 causing hemorrhagic colitis and hemolytic uremic syndrome. (Ungwood, Tr. 

inMicrobw. 4:147-153 (1996)). Similarly, Shigella dysenteriae produces a Shiga toxin tiiat recognizes Gb3 *m order lb 
35 mediate cell cytotoxichy. (Id.l. The verotoxin family comprises many members that bmd to Gb3 and cause related 
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(fiseases in Various ammals. (11). Each verotoxin has a single A subunit, which is responsible for interrupting protein 
synthesis in the cell, and 5 B subunits, which bind to the Gb3 receptor. (Id.). Based on x-ray crystallography, 
researchers postulate that each B monomer has two GbS-binding sites, (li). The production of verotoxin B sybunrt 
peptides and mutants thereof that demonstrate a high affinity for the Gb3 recepjor is well known. (Ghistain et a!., J. 
5 oflmmimoL 153:3655-3663 (1994)). 

One aspect of this embodiment a medicament comprising a verotoxin B subunit a mutant verotoxin B 
subunit or a hetero multimer comprising an inacthre verotoxin A subunit and five verotoxin B subunits is provided to a 
patient having HlV-1 infection or AIDS. As the verotoxin medicament enters the blood stream of the patient the B 
subunits or mutant B subunits will bind to accessible Gb3 and competitively inhibit the binding of gp120-gp41. 

10 ideally, a very high affinity verotoxin B subunit is used so as to not only out-compete the binding of gpl20-gp41 but 
also to displace already bound Gb3. Embodiments of the invention can also include a protein that is at least 60% - 
99% homologous to a verotoxin. That is, embodiments of the invention can include a protein that is at least 50.0%, 
61.0%, 6Z0%, 63.0%, 64.0%, 65.0%, 66.0%, 67.0%, 68.0%, 69.0%, 70.0%, 71.0%, 72.0%, 73.0%. 74.0%, 
75.0%, 76.0%, 77.0%, 78.0%, 79.0%, 80.0%, 81.0%. 82.0%, 83.0%, 84.0%, 85.0%, 86.0%, 87.0%, 88.0%, 

1 5 89.0%, 90.0%, 91 .0%, 92.0%, 93.0%, 94.0%, 95.0%, 96.0%, 97.0%, 98.0%, and 99.0% homologous to a verotoxin. 
Further, peptide fragments of mutant or wild-type verotoxin subunits or peptidomimetics that resemble these 
molecules are embodiments of the invention that can be used to interact with 6b3 or other GSLs and thereby interfere 
with HIV-1 entry. 

To select such high affinity verotoxin-based inhibitors. In vitro binding assays or fusion assays can be 

20 performed with and without competition by gpl20-gp41. By this experimental approach, verotoxin based inhibitors 
that have the most promise for therapeutic or prophylactic application can be selected. The dosage of verotoxin based 
inhibitors that will be therapeutically effecthre wilt depend on the characteristics of the inhibitor and the specifics of 
the patient's condition. For these reasons, the dosage is best determined and adjusted by monitoring the amount of 
. accessible Gb3 in the patient by FACS, as described above. 

25 . Alterriatively, antibodies or other agents that bind to 6b3 can be administered to a patient suffering from 

HIV-1 infection or AIDS. As with the binding of the verotoxin-based inhibitors, antibodies such as the mAb 38.13 or 
other agents such as lectins, recombinant proteins, synthetic peptides or chemicals are contemplated to competitively 
inhibit the binding of Gb3 by gpl20-gp41. These agents are screened in vitro for their ability to inhibit binding and 
fusion, as above, and the dosages, adjustments and monitoring is performed as described previously. 

30 ^ Another onbodiment involves the administration of GSLs, glucosyl ceramides or 6b3 to competitively inhibit 
the bimfing of HIV-1 or gp120-gp41 expressing cells. Synthetic or natural GSLs, glucosyl ceramides or Gb3 is 
administered to a patient in a physiological fonm so as to competitively inhibit the binding of gp120-gp41 on the 
plasma membrane of the patient's ceils. Ideally, the GSLs are designed witii higher affinity for gp120-gp41 than is 
exhibited by the natural monomeric molecule so tiiat competition is skewed *m favor of the inhibitor. One approach 

35 involves the use of a medicament comprising multimeric GSLs. ghicosyl ceramides or 6b3. These multimeric or 
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multimerized molecuies can be obtained synthetically or by (inking raactive groups present in the ceramide tails. An 
agent comprising GSLs, ghicosyl ceramides or 6b3 immobilized to a support is, therefore, another advantageous 
embodiment of this aspect of the invention. As described above, the administration of Gb3 resins to humans for the 
purpose of studying the prevention of Hemolytic UroniE Syndrome has been reported. {Armstrong et aL, 1 infect 
5 Diseases 171:1042-1045 (19951). The administration of composite supports for the purpose of the treatment and 
prevention of ff IV-1 Infection and/or AIDS is now contemptated. More discussion of the formulation of therapeutic and 
prophylactic agents id provided in the section below. 

Tije manufacture and dose of ttierapeutic and propiiyiactsc agents 

10 The acthre ingredients of the invraition (e.g., GSLs, glucosyl ceramides, Gb3, nucleic acids and proteins) are 

suitable for treatment of subjects either as a preventive measure to avoid a cfisease or infection, or as a therapeutic to 
treat subjects already afflicted with disease or infection These phaanacoiogically active compounds can be 
processed in accordance with conventional methods of galenic phamiacy to produce medicinal agents for 
' administration to subjects, e.g., mammals including humans. The active ingredients can be incorporated into a 

15 pharmaceutical product with and without modification. Further, the manufacture of pharmaceuticals or therapeutic 
agsits that delhrer the phamiacologically active compounds of this invention by several routes are aspects of the 
invention. For example, and not by way of limitation, DNA, RNA, and viral vectors having sequence encoding enzymes 
that synthesize GSLs, glucosyl ceramides, or Gb3 are within the scope of aspects of the invention. Nucleic adds 
encoding enzymes can be administered alone or in combination with other active ingredients. 

20 The compounds of this invention can be employed in admixture with conventional excipients, Le., 

pharmaceutically acceptable organic or inorganic carrier substances suitable for parenteral enteral (e.g., oral) or 
topical application that do not deleteriously react virith the pharmacologically active ingredients of this invention. 
Suitable pharmaceutically acceptable carriers include, but are not limited to, water, salt sohitions, alcohols, gum 
arabic, vegetable oOs, benzyl alcohols, polyetylene glycols, gelatine, carbohydrates such as lactose, amylose or starch, 

25 rnagnesium stearate, talc silicic acid, viscous paraffm, perfume oil, fatty acid monoglycerides and diglycerides, 
pentaerythrhot fatty acid esters, hydroxy methylcellulose, polyvinyl pyrroGdone, etc The pharmaceutical preparations 
can be sterilized and if desired mixed with auxiSary agents, eg., hibncants, preservathres, stabBizers, wetting agents, 
enuMiers, salts for infhjencing osmotic pressure, buffers, coloring, flavoring and/or aromatic substances and the like 
that do not deleteriously react with the active compounds. 

30 The effective dose and method of administration of a particular pharmaceutical formulation can vary based 

on the indhndual patient and the type and stage of the disease, as well as other factors known to those of skill in the 
art. Therapeutic efficacy and toxicity of such compounds can be determined by standard pharmaceutical procedures 
in ceQ cultures or experimental animals, e.g., ED50 (the dose therapeutically effective in 50% of the population). The 
data obtained from eel) culture assays and animal studies is used in formulating a range of dosage for human use. The 

35 dosage of such compounds lies preferably within a range of circulating concentrations that include the ED50 with no 
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toxicity. ThB* dosage, varies within this range depenifing upon the dosage form employed, sensitivity of the patient 
and the route of administration. 

The exact dosage is chosen fay the individual physician in view of the patient to be treated. Dosage and 
administration are adjusted to provide suffident levels* of the acthre moiety or to maintain the desired effect. 
5 Aditionai factors that can be taken into account include the severity of the disease state of the patient age, and 
weight of the patient diet, time and frequency of administration, drug combinationfs), reaction sensitivities, and 
tolerance/response to therapy. Short acting pharmaceutical cimipositions are administered daily whereas long acting 
pharmaceutical compositions are administered every 2, 3 to 4 days, every week, or once every two weeks. Depending 
on half-life and clearance rate of the particular fomiuiation, the pharmaceutical compositions of tiie invention are 
10 administered once, twice, three, four, five, six, seven, eight nine, ten or more times per day. 

Routes of administration of the pharmaceuticals of the invention include, but are not limited to, transdermal, 
parenteral, gastrointestinal, transbronchiat, and transahreolar. Transdermal administration is accomplished by 
application of a cream, rinse, gel, etc capable of allowing the pharmacologically active compounds to penetrate the 
' skia Parenteral routes of administration include, but are not Fimited to, electrical or direct injection such as direct 
15 injection mto a central venous One, intravenous, intramuscular, intraperitoneal, intradermal, or subcutaneous injection. 
Gastrointestinal routes of administration include, but are not timited to, ingestion and rectal Transbronchial and 
■ transalveolar routes of administration include, but are not limited to, inhalation, either via the mouth or intranasaily. 

Compositions having the pharmacologically acthre compounds of this invention that are suitable for 
transdermal administration mdude, but are not Omited to, phanDaceutically acceptable suspensions, oils, creams, and 
20 ointments applied directly to the skin or incorporated into a protective carrier such as a transdermal device 
("transdermal patch*). Examples of suitable creams, ointments, etc can be found, for instance, in the Physician's 
Desk Reference. Examples of suitable transdemial devices are described, for instance, in U.S. Patent No. 4,818,540 
issued April 4, 1989 to^Chinen, et al., herein incorporated by reference. 

Compositions having the pharmacologically acthre compounds of this invention that are suitable for 
25 parenteral administration include, but are not limited to, pharmaceutically acceptable sterile isotonic solutions. Such 
solutions inchide, but are not Rmited to, saline and phosphate buffered saline for injection mto a central venous line, 
intravenous, intramuscular, intraperitoneal, intradermal, or subcutaneous injectioa 

Compositions having the pharmacologically active compounds of this invention that are suitable for 
transbronchial and transahreolar administration Include, but not limited to, various types of aerosols for inhalation. 
30 Devices suitable for transbronchial and transahreolar administration of these are also embodiments. Such devices . 
include, but are not limited to, atomizers and vaporizers. Many forms of currently available atomizers and vaporizers 
can be readily adapted to defiver compositions having the pharmacologically active compounds of the invention. 

CompositiDns having the pharmacologically acthre compounds of this invention that are suitable for 
gastrointestinal administration mdude, but not limited to, pharmaceutically acceptable powders, piils or liquids lor 
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ingestion and suppositories for rectal administration. Due to the ease of use, gastrointestinal administration, 
particularly oral is a preferred embodimem. 

EXAMPLE 1 below describes several of the materials and methods employed in the experiments described 

herein. 

5 

EXAMPLE! 

Materials: Fhjorescent probes were obtained from Molecular Probes (Eugene, OR), and tissue culture media 
were obtained from Gibco/BRL (Gaithersburg, MD). Phospholipids were purchased from Avanti Polar Lipids (Alabaster, 
AL), and l-phenyl-2-hexadecanoylamino-3-morphormo-1-propanol (PPMP). GSLs, and the mono^aloganglioside mixture 

10 were from Matreya (Pleasant Gap, PA). pNL4-3Luc re, pBsTAT, pCMVsREV, pNLl.BE, pHCMV-6, and pJRCSF were 
the gift of George Pavtakis and Margherita Rosati (NCI-FCRDC, Frederick, MD). pJRFL, pADA, pBAL, p8g.6, pSV-A- 
MLV-env, and pHXB2 were the gift of Daniel Uttman and Vineet KewalRamani (NYU, NY). The Mabs, 5C7 and 4G10 
were gifts from LWu (Leukocyte, tnc, Cambridge, MA) and Chris Broder iUSUHS, Bethesda, MD). Other reagents 
' were from Sigma (St Louis, MQL 

15 \ 

CeO Cufture: GH0ST-X4 and GH0ST-R5 cells were obtained from the NIH AIDS Repository. GH0ST-R3/X4rR5 
(GHOST-345), NIH 3T3 CD4/X4 and NIH 3T3 CD4/R5 ceils, and 2937 cells were the gift of Dan Uttman and Vineet 
KewalRamani, HeLa cells were from John Silver (NIAID, Bethesda, MD), and TF228 from Zdenka L Jonak ( Smith, 
Kline & Beecham, King of Prussia, PA). HeLa cells were grown in DMEM f 10% FBS (DID). NIH 3T3-CD4/X4 and 

20 NIH 3T3'CD4/R5 were grown in D10 + 3 g/ml puromycin. GH0ST-X4, R5, and 345 cells were grown in DID +: 500 
g/ml 6418, 100 g/ml hygromycin, and 1 g/ml puromycm. All ceils were grown in the presence of penicilOn and 
streptomycin. HlV-1 envelope proteins were transiently expressed on the surface of HeLa cells using the recombinant 
vaccinia constructs vPEIB (IIIB, X4Mitili2ing) (Earl et al., J. VtwL 65:3141 (1991)), vCB43 (Broder and Berger, Fwc, 
NatL Acad. SciM£J.. 92:9004-9008 (1995)) (Ba-U R5-uti&zing), and vDC-1 (89.6, X4/R5-utilizing) (Chabot et aL, J, 

25 VtroL, 73:6598-6609 (1 999)) as described previously. (Jones et al., J. BioL Chem., 273:404409 (1 998)). Cells were 
grown in medium containing PPMP for at least 7 days before being used in a fusion assay. GH0ST-X4, R5, and 345 
cells were grown in medium containing 10 M PPMP; NIH 3T3-CD4IX4 and NIH 3T3-CD4/R5 cells were grown in 
medium containing 7.5 M PPMP. 

30 Infection Assays: Single-round mf ection assays using viral particles containing genomes with a def ecthre env, were 
conducted according to the protocol of KewalRamani and coworkers. (Cecilia et aL, «/. ^roL, 72:6988-6996 (1998)). 
Briefly, viral stocks were prepared by cotransfecting a plasmid containing the NL34 genome (pNL4-3Luc re) (Connor 
et aL, Virohgy, 206:935-944 (1995)), pBsTAT, and pCMVsREV, along with a plasmid to supply the envelope in trans, 
into 293T cells, a cell line with extremely high transfectability. After 48 hours, the supernatant, containing HIV-1 

35 particles with genomes derived from pNL4-3Luc r e and gp120-gp41 from the envelope plasmid, was harvested, sterile 
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filtered, and added to GHOST cells plated on 12-weIl plates (1-2 x 10^/weIl). The GHOST ceOs have been transduced 
with 3 construct contaming a humanized, S65T mutant of the green fluorescent protein (GFP), under the inducible 
control of the HIV-2bqi) LTR enhancer-promoter. In these cells the very tow basa! expression of GFP is induced many- 
fold upon infection with HIV-1 or HIV^2. Three to four days after infection, the cells were exammed using an Olympus 
5 1X70 inverted microscope (New Hyde Park, NY) with a 20x objective and a special GP filter cube (exdten 
H0510/10X, dichroic mirror Q52Qlp, onitten HQ535/20M) (Chroma technology, Brattieboro, VT). tnfecthrity was 
calculated as: % Infecthrity - 100 x [(number of clusters of GFP-positive cells x average number of cells per GFP* 
positive chjster) I total number of ceils observed). All mfection assays used the following internal controls: mock 
mfection, viral particles without env, viral particles with non-fu5ogenic env containing the V2E mutation (Freed et aU 
10 Proc. NatL Acad, Sa\ U.SJ^ 89:70*74 (1992)), and as a positive control, viral particles contaming envelope 
glycoproteins from VSV and A-MLV. 

HIV-I envelope glycoprotem-mediated ceB-ceO fusion: Target ceDs were labeled with the cytoplasmic dye 5- and 6-([(4- 
' chloromethyl)benzoyn-amino)tetramethylrhodamine (CMTMR) at a concentration of 10 M f or 1 hour at 37 %. When 

15 GSL was added to the cells, labeling was performed before addition of GSL to the cell surface. Envelope-expressing 
cells were labeled with calcein AM at a concentration of 5 M for 1 hour at 37 °C. Calcein-iabeled effector cells were 
cocuitured with CMTMR-labeled target cells for 2 hours at 37 and dye redistribution was monitored 
microscopically as described previously. (Puri et aL. Proc, NatL Acad. Set, U.SJi., 95:14435-14440 (1998)). . .The 
extent of fusion was calculated as: Percent Fusion - 100 x number of bound ceils positive for both dyes / number of 

20 bound cdls positive for CMTMR. When fusion assays were performed on PPMP-treated cells, all media contained 
PPMP. 

Extraction and anafysis of ceUtdar GSLs: Total GSLs were enracted from cultured, cells as described by Bfigh and 
Oyer. (Bligh and Dyer, Canadian J, Biocttenu Pfjysiol., 37:911-917 (1959)). Briefly, 10^ Ghost 345 cells, suspended 

25 with trypsin-EOTA in PBS from Gibco/BRL (Gaithersburg, MO), were peUeted at 450 x g for 5 minutes. The cell pellet 
was resuspended in 0;5ml H^O, which was added to 2ml CHCt3:MeOH (2:1; v/v). After vortexing, Q.5ml CHCl, and 
0.5ml. H2O were added, and the suspension was vortexed and centrifuged at 100 x g for 5 minutes to separate the 
two phases. The extract in the lower phase was then removed for storage, and the CHCIj-HjO step was repeated 
twice with the aqueous phase. Extracted GSL were pooled, dried under N,, resuspended in 100 I CHCI}:MeOH (2:1, 

30 vM and stored at -20 C until use. The total GSL composition of ceDs before and after treatment witit PPMP was 
analyzed by thin layer chromatography (TLC) developed in CHCl3:MeOH:10%KCIuq, (50:40:10, vN). At the end of tiie 
run, the piate was air dried, sprayed wrtth Resordnol (Kundu, Methods Enzvmol., 72:185-204 (1981)1, heated at 100 
°C for 20 minutes to develop the spots, and scanned vinth a Ruor*S Multilmager (Bio-Rad, Hercules, CA). 
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Row Cytometry: Ghost 345 cells, harvested with trypsin-EDTA tn PBS from Gibco/BRL (Gaithersburg, MD), were 
cemnfuged at 450 x g and resuspendsd at 10^ cells/mi in PBS with 5%FBS and 5% normal mouse serum (NMS). 
After incubating for 15 minutes at room temperature, cells were washed twice in PBS with 0.1% BSA and 
resuspended at 10^ cells/ml (in lOOul) iri PBS with 5%FBS and 5% NMS. Bther PE conjugated mouse IgG ami-CXCR4 
5 (12G5) (1:5) from Pharmingen (San Diego, CA), PE-coi^ated mouse IgG anti-CD4 (OfCT4| (1:10) from Ortho 
Diagnostics (Raritan, NJ), or mouse IgG ant>€CR5 (207) (1:400), obtained through the AIDS Research and Reference 
Reagent Program, Division of AIDS, NIAID, NIH, was added to each sample. Cells were incubated at 4 % for 1 hour 
and washed twice in PBS with 0.1% BSA. Ant(-CCR5 labeled cells were then resuspended in 100 1 of PBS with 
5%FBS and 5% NMS, mcubated for 1 hour at 4 °Cwith FTTC-conjugated goat IgG anti^ouse antibody (1:50) from 
10 Sigma (St Louis, MO), and washed as above. Samples were fixed in PBS with 1% parafomnaldehyde and resuspended 
in 1ml of PBS to be read by a FACSca&bur (Becton Dickinson, San Jose, CA) at 10,000 events/sample. Unlabeled ceils 
and ceQs incubated without the primary antibody were used as controls. 

' CDMemokine rBceptor assttcmtion: Immunopredpitation was done according to a previously reported procedure 
15 (Xiao ct al, /Vdc. NatL Acad, Sd U^Jl,, 96;749B-7501 (1999)1 with some modifications. Briefly, ceDs were 
collected and washed with PBS once. CeQs were suspended in ice-cold PBS at a final density of 5x10^ /mL One mi of 
the cell suspension was used for one immunoprectpitation sample. Antibodies were added to the ceU suspension at a 
final concentration of 3 g/ml, and incubated with gentle mixing for 4 hours at 4°C. Cells were then collected by 
centrifugation and lysed using a lysis buffer. (Xiao et al., Proc, NatL Acad, Sd U.SA, 95:7496-7501 (1999)). After 
20 40 min of incubation with gentle mixing, the supernatant was obtained by centrifugation at top speed for 25 min in a 
refrigerated Eppendorf centrifuge. Ten I of proteiii G-sepharose beads (Sigma, St Louis, MO) prewashed with PBS 
was added to each sample and then incubated at 4% for 14 hours. Protein G-sepharose beads were then washed four 
times, each with 1ml of ice cold lysis buffer. Samples were then eluted by adding 4X sample buffer for SDS-PA6E gel 
and boiled for 5. min. Samples were run on a 10% SDS-PAGE get and Western blot was perfonned using the 
25 Supersignal Chemilummescent Substrate from Pierce (Rockford, 11). 

Chamtaxis Assay: The migration of 6H0STX4 ceils was assessed by a 4B-well microtiiamber technique. (Ben- 
Baruch et aL, J. BioL Cham, 270:22123-22128 (1995)}. Different concentrations of SDF-1 (Peprdtech, NJ) were 
placed in the lower wells of the chamber. The Ghost/CXCR4 celts (50 1, 10^/ml) were loaded in the upper weOs. The 
30 lower and upper wells were separated by a polycarbonate fitter (PVPF, 10 m pore-size; Poretics, CA) precoated with 
50 giml collagen type 1 for 2 h at 37 *C. The chamber was incubated at 37 T for 5 h in humidified air with 5% C0^ 
At the end of the incubation, after removal of non^nigrating celts, the filter was fixed and stained with Diff-Quik 
(Biochemical Sciences, NJ). Using three high power fields under light microscopy, the cells migrating across the fitter 
were counted in triplicate with all samples coded. The chemotaxis index was calculated as: CI - Number of cells' 
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migrating to chemoktnes/Number of cells migrating to medium. The significance of the difference between test and 
control groups was analyzed by paired Student^s t test 

Measurement of CD4 and CXCR44n'duced canfannatiotftd changes: Fluorescence changes of the hydrophobidty- 
5 sensitive dye, bis-ANS, resulting from conformational changes in gp12D-gp41 were monitored according to the 
procedure descrOmd previously (Jones et aL, 1 BmL Ctwm., 273:404409 (1998)) with some modifications. Untreated 
and PPMP-treated HeLaCD4 ceils were plated on 35 mm dishes with coverslip cutouts in the center. TF228 ceOs, 
which constitutively express the X4-uti&zing (lllB) gp120-gp41, were labeled with caicein as described above and then 
added to the culture dish. Bis-ANS was added at 2 g/ml to culture medium without serum. Once the TF22B ceOs 
10 were touching the target cells as determined by brightfieid and caicein fluorescence, images were recorded using the 
quantitathre light microscopy set-up described previously. (Jones et aU J, Biol Cbem^ 273:404409 (1998). The 
fhiorescence intensity averaged from regions of interest (ROls) drawn around indhridual gp120-gp41 -expressing celts 
was monitored at 37 C as a function of time following contact of effector and target cells. 

15 AdtStm of GSL to CD4" CeOs: The addition of GSL to the plasma manbrane of cells was performed as described 
previously. (Puri et al, Pwc Natl, Acad ScL U.SA, 95:14435-14440 (1998)). Briefly, liposomes containing Egg 
PC:Egg PE: GSL (3:1.5:1, wt/wt) were prepared in PBS (Ca/Mg free) by extrusion through a 0.2 nun filter using an 
extruder from Upex Biomembranes (Vancouver, BC) to a final Gpid concentration of 0.9 mg/ml total Opid. Target cells 
plated on 35 mm dishes with coversiip cutouts in the center (at 5 x 10^/dish) were infected with the recombinant viral 

20 strain X-31 (H3N2) of influenza virus^ overnight at 37 Target ceOs were ueated with 5 g/ml trypsin for 5 min at 
room temperature to activate the HA on the cell surface. Liposomes were allowed to bind to the HA-expresstng target 
ceOs for 30 min at room temperature. Liposome-cell fusion was mduced by 60 sec exposure of the cells to pH 5.2, 
followed by incubation in DID at pH 7.4. The modified cells were then used as targets in the cell-cell fusion assays 
described above. 

25 

Although the invention has been desbibed with reference to enibodiments and examples, it should be 
understood that various modifications can be made without departmg from the spirit of the invention. Accordingly, 
the invention is limited only by the follovinng daims. All references cited herein are hereby expressly mcorporated by 
reference. 
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WHAT IS CLAIMED IS : 

I . A method of enhancing fusion of a virus with a cell comprising: 

providing globotriaosylceramide to the ceU.such that the giobotriaosylcerannde is incorporated in 
the plasma memhrane of the cell; and 

miecting the ceU with the virus. 
1 The method of Claim 1, wherein the virus comprises nucleotide setfuence encoding HIV proteins. 

3. The method of Claim 1 , wherein the ceD expresses CD4. 

4. A method of enhancing fusion of a virus with a cell comprising: 
inducing a cell to produce globotriaosylceramide; and 
infecting the cell with a virus. 

5. The method of Claim 4, whersn the virus comprises nucleotide sequence encoding HIV protans. 

6. The method of Claim 4, wh^ein the cell expresses CD4. 

7. A method of enhancing fusion of two cells comprising: 
providing a first celt 

treating the first ceil with globotriaosyiceramide such that the globotriaosylceramide is 
incorporated in the plasma msnbrane of the ceD; 
providing a second cell; and 
contacting the first cell whh the second cell 

8. The method of Claim 7, wherein at least one cell expresses CD4. 

9. The method of Claim 7, wherein at least one cell has gpt 20 on its plasma membrane. 

10. A cell comprising an enhanced abihty to fuse with a member of the group consistmg of a vims, a 
second ceil or a Hposome wherein the member of the group comprises gp120 and the ceD has been.manipuiated to 
have sufficient globotriaosylceramide on its cell surface to mediate enhanced fusion. . 

II. A method of enhancing detivery of an agent to a cell comprising: 

providing a liposome that contains an agent to be deOvered to the cell who^n the liposome has 
^ gp120 on Its plasma membrane; and 

contacting the liposome with a cell that has globotriaosylceramide. 

12. A method of prevention and treatment of HIV infection and AIDS comprising administering an agent 
that inhibits the synthesis of glycosphingolipids. 

13. . Use of an agent that inhibiu the synthesis of glycosphingolipids for the manufacture of a 
medicament for the prevention and treatment of HIV mfection and AIDS. 

14. A method of prevention and treatment of HIV infection and AIDS comprising administering an agent 
that inhibits the synthesis of a glucosyl ceramide. 

15. ' Use of an agent that inhibits the synthesis of giucosyl ceramide for the manufacture of a 
medicamem for the prevention and treatment of HIV infection and AIDS. 
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16. * A mBthod of prevention and treatment of HIV infection and AIDS comprising administering an agent 
that inhibits ttie syntiiesis of globotriaosylceramide. 

17. Use of an agsit that inhibits the synthesis of gtobotriaosylceramide for the manufacture of a 
medicament for the prevention and treatment of HIV infection and AIDS. 

5 18. A method of prevention and treatment of HIV infection and AIDS comprising aihnimstenng a 

member of the group consisting of NB-D6J, an NB-DGJ analog, PPMP, a PPMP analog, PPPP and a PPPP analog. 

19. Use of a memb^ of the group consisting of NB-DGJ, an NB-D6J analog, PPMP, a PPMP analog, 
PPPP and a PPPP analog for the manufacture of a mecEcament for the prevention and treatmem of HIV infection and 
AIDS. 

10 20. A method of prevention and treatment of HIV infection and AIDS comprising administering an 

antisense oligonucleotide or ribozyme that inhibits an »uyme invohred in glycosphingolipid synthesis. 

21. Use of an antisoise oligonucleotide or ribozyme that inhibits an enzyme invohred in 
glycosphingolipid synthesis for the manufacture of a medicament for the prevention and treatment of HIV infection 
' andAIDS. 

15 2Z The method according to. Claim 20 or the use according to Claim 21. wherein the antisense 

oligonucleotide or ribozyme inhibits the synthesis of a glucosyl ceramide. 

23. The method according to Claim 20 or the use according to Claim 21, wherein the antisense 
oligonucleotide or ribozyme inhibits the synthesis of globotriaosytceramide. 

24. A method of prevention and Ueatment of HIV infection and AIDS comprising administering a 
20 monodonal antibody that inhibits an enzyme involved in glycosphingolipid synthesis. 

25. Use of a monoclonal antibody that inhOiits an enzyme involved in glycosphingoSpid synthesis for 
the manufacture of a medicament for the prevention and treatment of HIV infection and AIDS. 

26. The method according to Claim 24 or the use accordng to Claim 25, wherein the monoclonal 
antibody inhibits the synthesis of a glucosyl ceramide. 

25 27. The method according to Claim 24 or the use accorcfing to Claim 25, wherein the monoclonal 

antibody inhibits the synthesis of gtobotriaosylceramide. 

28. A method of prevention and treatment of HIV infection and AIDS comprising administration of an 
agent that cleaves a sugar residue on a glycosphingolipid. 

29. Use of an agent that cleaves a sugar residue on a glycosphingolipid for the manufacture of a 
30 medicament for the prevention and treatment of HIV infection and AIDS. 

30. The method according to Clami 28 or the use according to Claim 29, wheran the agent that 
cleaves the sugar residue comprises a ^cosphingoBpidase. 

31. A method of prevention and treatment of HIV infection and AIDS comprising admndstration of an 
agent that cleaves a sugar residue on a glucosyl ceramide. 
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32: Use of an agent that cleaves a sugar residue on a gtucosyl ceramide for the manufacture of a 
medicament for the prevention and treatment of HfV infection and AIDS. 

33. The method according to Claim 31 or the use according to Claim 3Z wherein the agent that 
deaves the sugar residue comprises a ghicosyl ceramidase. 
5 34. A method of prevention and treatment of HIV infection and AIDS comprismg administration of an 

agent that cleaves a sugar residue on a gtobotriaosytceramide. 

35. Use of an agent that deaves a sugar residue on a globotriaosylceramide for the manufacture of a 
medicament for the prevention and treatm^ of HW infection and AIDS. 

36. The method according to Claim 34 or the use according to Claim 35, wherein the agent that 
1 0 deaves the sugar residue comprises a globotriaosylceramidase. 

37. A method of prevention and treatment of HIV infection and AIDS comprising administration of an 
agent that binds to a glycosptungoGpid. 

38. Use of an agent that binds to a gtycosphingolipid for the manufacture of a medicament for the 
prevention and treatment of HIV infection and AIDS. 

15 39. The use of Claim 38, wherein the agent that binds to the gtycosphingofipid comprises a member of 

the group consisting of a monodonal antibody, a recombinant protein, a synthetic peptide, a toxin, a lectin and a 
chemical. 

40. The use of Cla'un 39, wherein the toxin comprises a verotoxin or protein homologous to a verotoxrn. 

41. A method of prevention and treatment of HIV infection and AIDS comprising administration of an 
20 agent that binds to a giucosyl ceramide. 

42. Use of an ag^t that binds to a giucosyl ceramide for the manufacture of a medicament for the 
prevention and treatment of HIV infection and AIDS. 

' 43. The use of Claim 42, wherein the agent that binds to the giucosyl ceramide comprises a member of 
the group consisting of a mdnodonaf antibody, a recombinant protein, a synthetic peptide, a toxin, a lectin and a 
25 chemical 

44. The use of Claim 43, wherein the toxin comprises a verotoxin or protein homologous to a verotoxin. 

45. A method of prevention and treatment of HIV infection and AIDS comprising administration of an 
agent that binds to globotriaosylceramide. 

46. Use of an agent that binds to a globotriaosylceramide for the manufacture of a medicament for the 
30 prevention and treatment of HIV infection and AIDS. 

47. The use of Claim 46, wherein the agent that binds to the globotriaosylceramide comprises a 
member of the group consisting of a monoclonal ant&ody, a recombinant protein, a synthetic peptide, a toxin, a lectin 
and a chemical 

48. The use of Claim 47, wherein the toxin comprises a verotoxrn or protein homologous to a verotoxin. 
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49. * A method of prevention and treatment of HIV infection and AIDS comprising administering a 
giycosphingofipid to a patient suffering from HIV infection and/or AIDS. 

50. Use of a giycosphingofipid for the manufacture of a medicament for the prevention and treatment 
of HIV infection and AIDS. 

51. The use acconfing to Claim 50, wherein the gtycosphingoiipid is a glucosyl ceramide. 

52. The use according to Claim 51 , wherein the ghicosyl ceramide is a globotriaosytceramide. 

53. .The use according to Claim 52, wherein the gtobotriaosylceramide is administered in a multimeric 

fomt 

. 54. The use accordmg to Claim 53, wherein the globotriaosylceramide is attached to a support 
55. , A method of isolating HIV comprising: 

provtdmg a support having immobifized globotriaosylceramide; 

applying a solution havmg HIV to the support 

aDowing the HIV in the solution to bind to the support for a sufficient time; 

washing away any unbound material from the support* and 

ehiting the bound HIV from the support. 

56. The method of Claim 55, wherein the support is a composite support. 

57. A conriposite support comprising a material to which is attached Gb3 and at least one member of 
the group consisting of CD4 and a chemokine receptor. 

58. A method of removing HIV from a contaminated sohnion comprising: 
providing a support ha^n^g immobilized globotriaosylceramide; 
applying a solution of contaminated HIV to the support; and 

aOowmg the HIV in the solution to bind to the support for a sufficient time. 

59. . The method of Clabn 56, wherein the contaminated solution is of human ortgia 

60. A method of removing HIV from a human comprising: 

providing a dialysis machine having a support of immobifized globotriaosylceramide; 
transferring blood from the human to the dialysis machine; and 

allowing the blood to circulate through the machme for a time sufficient to allow bntdmg of HIV to 
the immobifized globotriaosytceramide support 

61. Use of a dialysis machine comprising a giycosphingofipid for the manufacture of a medicament for 
the prevention and ueatment of HIV infection and AIDS. 

61 A ifialysis filter comprising at least one layer of globotriaosylceramide. 

63. The filter of Claim 62, wherein the layer of globotriaosylceramide further comprises at least one 
m^ber of the group consisting of CD4 and chemokine receptors. 

64. A method of screening for a prophylactic agent that prevents HIV infection or AIDS comprising: 
providing gp 1 20 immobilized to a substrate; 
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proviifing the prophylactic agent to the immobized gp 1 20; 

proviifing globotriaosylceramide to the prophylactic agent and Rnmobilized gp 120; and 

determining the amount of globotrtaosylceramide bound to the immobifized gp 1 20. 

65. A method of screenmg for a prophylactic agent that prevents HIV infection or AIDS conqirising: 
5 providing gtobotriaosylceramide immobilized to a support 

proviifing the prophylactic agent to the immobSized gtobotriaosylceramide; 

providing gp 120 to the prophylactic agent and immobilized globotriaosylceramide; and 

determhung the amount of gp 120 bound to the immobilized globotriaosylceramide. 

66. A method of screenmg for a therapeutic agent that prevents or treats HIV infection or Aids 
10 comprising: 

providing gp 1 20 immobilized to a substrate; 
providing globotriaosylceranude to the immobiTtzed gp 1 20; 
providing the therapeutic agent to the immobOized gpl 20 and gtobotriaosylceramide; and 
determining the amount of globotriaosylceramide that remains bound to the immobOized gp 1 20. 
15 67. The method acconfing to Claim 66, vvherein the therapeutic agent is added simultaneously with the 

addition of globotriaosylceramide. 

68. The method according to Claim 66, wherein the therapeutic agent is added after the addition of 
globotriaosytceramide. 

69. A method of screening for a therapeutic agent that prevents or treats HIV infection or AIDS 
20 comprismg: 

providing globotriaosylceramide immobilized to a substrate; 
proviiSnggp 120totheimmobizedglobotriaosYlc6rainide; . 
providing the therapeutic agent to the immobifized globotriaosylceramide; and 
determining the amount of gp 120 bound to the immobifized globotriaosylceramide. 
25 70. The method according to Claim 69, who^ein the therapmitic agent is edded stmuftaneously with the 

addition of gp 120. 

71. The method according to Claim 69, wherein the therapeutic agent is added after the addition of 

gp120. 

72. A diagnostic tool comprising globotriaosytceramide attached to a support 

30 73. The diagnostic tool of Claim 72, wherein the support further comprises at least one member of the 

group consisting of CD4 and chemokine receptors. 

74. A method of detecting HIV comprising: 

providing a support to which globotriaosytceramide is attached; 
contacting the support with a.ftuid from an HIV infected sutqect; 
35 washing the unbound material from the support; and 
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detecting the bound HIV vims. 
75. A method of serening an agent that enhances cell hxston comprismg: 
providing a cefl having CD4; 

treating the ceO having C04 with thS agent that enhances ceil fusion; 
5 contacting the treated celt having CD4 with a member of the group consisting of a Oposome, a 

second cell and a virus, wherein the member of the group comprises gp120; and 

detemiining whether the treated cefl having C04 has fused with the member of the second group. 
, 76. The method of Claim 75, wherein the member of the group is treated with the agent that enhances 
cell fusion. 

10 77. A method of screening an agent that prevents or inhibits fusion comprising: 

providing a ceD having C04; 

treating the ceQ having CE)4 with the agent that prevents or inhfliits fusion; 
contacting the treated cell having CD4 with a member of the group consisting of a liposome, a 
second ceil and a virus, wh^an the member of the group comprises gpl 20; and 
15 determining whether the treated ceil having C04 has fused with the member of the second group. 

78. The method of Claim 77,.wherdn the manber of the group is treated with the agent that prevents 
or inhibits fusion. 

79. A method of screening a fusion enhancing agent comprising: 
providing gp 1 20 tmmobifized to a substrate; 

20 providing globotriaosylceramide to the bnmobifized gp 120; 

provtifing the fusion enhancing agent to the bnmobilized gpl 20 and globotriaosylceramide; and 
determining the amount of globotriaosytcs^mide that remains bound to the inunobiiized gp 120. 

80. The method according to Claim 79, wherdn the fusion enhancing agent is added simultaneously 
with the addition of globotriaosylceramide. 

25 81. The ntethod according to Claim 79, wheran the fudon enhanc'mg agent is added after the addition 

of globotriaosylceramide. 

82. A method of screening a fusion enhancing agent compriang: 
providing globotriaosylceramide immobifoal to a substrate; 
providing gp 1 20 to the immobilized globotriaosylceramide; 

30 providing the fusion enhancing agent to the immobilized globotriaosylceraniide; and 

determining the amount of gp 1 20 bound to the innnofaifized globotriaosylceramide. 

83. The method according to Claim 82, wherem the fusion enhancing agent is added simultaneously 
with the addition of gp 1 20. 

84. The method according to Claim 82, wherein the fusion enhancing agent is added after the addhion 

35 of gpl 20. 
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